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CHAPTER I

INTRODUCTION

The Problem and Opportunity

As the costs for pumping municipal,
industrial and irrigation water rise,
owners and the public are giving in-
creased attention to energy conserva-
tion. One way to conserve energy is to
operate water pumps at or near peak
efficiency. The measurement of pump
efficiency usually requires special test
equipment, a skilled operator and time
to perform the test. Owners may find it
more economical to waste power than to
monitor for inefficiencies. One way to
help change this situation is to develop
inexpensive equipment for unskilled
people to use to obtain rapid measure-
ments of pump efficiency under typical
operating conditions. Such equipment
would enable pump owners to find out
quickly when their equipment was oper-—
ating below maximum efficiency so the
problems could be corrected. Prudent and
timely maintenance work would pay off by
making the pumping operation more eco-
onical and conserving energy resources.

Objectives and Scope

The general objectives of this
project were to develop, fabricate,

install, field test and evaluate
low and medium cost pump efficiency
monitor units for use by owners,
operators or consultants. The 1low
cost unit utilizes a "pitot" type flow
rate meter while the medium cost unit
includes an ultrasonic doppler type
strap-on flow meter. Both units require
simple computations to be done by the
non-skilled operator using a hand held
calculator. Recommendations for winter
operation of the units were to be
considered.

In a second phase of the study
the objectives were enlarged to in-
clude experimentation with new flow
rate measurement devices and the de-
velopment, fabrication, 1installation,
and testing of a totally automatic
unit which requires no operator com-
putations and has a timer and printer
for recording the pump efficiency
data.

This project report describes the
pump efficiency monitors that were
built as well as their installation,
testing and evaluation.






CHAPTER II

WATER WELL PUMP EFFICIENCY MONITOR UNIT COMPONENTS

Overall System

Determining water well pump effi-
ciency requires the measurement of
three quantities: The flow rate, Q, in

cubic feet per second (CFS); the
pump lift, E,, in feet (FT); and the
input power, Pj,, in kilowatts (KW)

are shown in Figure 1. From these
quantities the pump efficiency, E, in
percent can be easily calcul ated from:

Pout

Pin

[%] (D

Pump Efficiency = E = (100)
vhere

Output Power = P, .. = 0.0846 QEP

[Kw] (2)

Pump Lift = Ep = H + V2

2g
+ 2.31 (P~Pg) [FT] (3)
Pipe Velocity = V = Q/(Ap) [FPS]
(4)

Aj, = delivery pipe internal area
[sQ FT]

Py, = delivery pipeline
[Ps1]

pressure

Pg = bubbler line pressure [PSI]

AP = Py, - Pg = lift differential
pressure gage reading [PSI]

H = vertical distance from center
of delivery line pressure
gage to the bottom end of the
bubbler tube in the well

The computation can be easily done
by an untrained person using an inexpen-
sive hand held calculator by following a
simple set of instructions.

While the overall concept of pump
efficiency measurement is simple,
some of the parameters may be either
difficult or costly (or both) to
measure in existing pump installations
where provision has not been made
beforehand for the necessary instru-
ments. Ideally, the measurement
should be done with inexpensive,
portable equipment that requires no
alterations in the system, little time
to set up and also requires little
training to operate. Such ideal condi-

tions are never met in practice--
especially at low cost. There are
always tradeoffs to be considered;

between portability and permanence,
among accuracy, precision and cost;
between summer and all season operation;

between systems requiring piping
alterations and those that are non-
invasive; and between automatic and

manually operated systems, etc. Actual-
ly, cost is a prime consideration
in all the tradeoffs listed above as
well as others not mentioned.

Usually the measurements of pump
efficiency has required the use of
several special purpose tools and
instruments by a highly trained expert
over several hours time for each mea-
surement. The technology may now be at
hand to package the required instruments
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for pump efficiency measurements in one
box at a mass production price low
enough to be attractive to the pump
owner. Installation and checkout
should still be done by an expert, but
the system could be attractive to the
owner provided operation was either
automatic or required only a semi-
skilled, non-technical person for
routine use.

In this part of the report the
major components of the pump effi-
ciency monitor unit are discussed,
the various alternative devices are
described and those selected for use in
the prototype production models are
given.

Flow Rate Measurements

Devices considered for measuring
the flow rate were pitot tube devices,
ultrasonic flow meters, other miscella-
neous commercial flow meters (such as
orifice plates, venturi meters, pro-
pellor meters, magnetic meters, etc.)
and experimental equipment using injec—
tion of salt, dye, heat, or some other
tracer to measure the flow rate.

Pitot tube devices. These instru-
ments consist of a special tube inserted
into the pipe. Inside the tube are two
separate chambers. From one chamber one
or more holes exit in the upstream
direction and from the other chamber a
hole exits downstream. The difference
in pressure between the upstream and

downstream ports is related to the
velocity in the pipe by:
V = K /ahy, [FPS] (5)

where Ahy is the pressure difference
between the two ports (usually measured
in' inches of water). K 1is a constant
depending on the location of the ports,
the shape and size of the tube, the size
of pipe, kind of fluid, the shape of the
velocity distribution, the Reynolds
number and back pressure conditions.
For standard conditions K is determined
by calibration done by the manufacturer.

For standard installation with a
straight, uniform approach pipe of at
least 10 diameters upstream, the
manufacturer’'s K will give good results.
For locations that are non-standard (low
downstream pressure, nearby elbows,
valves or branches closer than 10
diameters upstream) the pitot type meter
must be calibrated in place to give

accurate measurements.

Many brands of pitot tube devices
are available. The Utah Water Research
Laboratory has used and calibrated many
of these, such as Accutubes, the Annu-
bars and Collins meters. An Accutube
and an Annubar were selected for use
with two of the units developed by this
project. They were calibrated at the
UWRL for standard approach conditions.

Pitot tube meters have the advan-
tages of availability and low cost,
but the disadvantage of requiring a hole
to be drilled in the pipeline and a
threaded fitting must be welded 1in
place.

Ultrasonic meters. These meters
are a relatively new development in
fl ow measurement technology. While
early models were quite expensive,
costs have come down and reliability and
precision have improved. Two types are
commonly available from many manu-
facturers--the dual path and the doppler
strap-on types.

The dual path ultrasonic meter
requires either a special pipe spool
with transducers already 1installed or
the two transducer mounts must be
welded to the existing pipe diagonally
across along a line at 45° from the
centerline. Ultrasonic signals are
beamed from one transducer to the
other in both upstream and downstream
directions. The downstream signal
is speeded up by the flowing water and
arrives early while the upstream
signal arrives late. Comparison of the
travel times enables computation
of the flow velocity. The required
circuits are complex and expensive



and installation costs are high but the
device gives accurate and precise
results with good reliability in both
clean and somewhat dirty water. Because
of the meter costs and the permanent
installation required, this meter type
was not considered appropriate for most
pump efficiency units where portability,
low cost and ease of installation
were needed.

The doppler type strap on meter was
better suited for many pump efficiency
measurements. This unit will not work
with completely clear water, but must
have a small amount (about 5 percent) of
sediment particles, air bubbles or
intense, fine scale eddies present in
the water. Only one transducer unit is
required and it is attached with tape or
a strap to the outside of the pipe with
a layer of silicone grease between
transducer and pipe. An ultrasonic
frequency signal is produced by the
meter unit which travels through the
pipe wall and 1is directed upstream
into the water. There the sound pene-
trates into the flow and then is
reflected back by the particles of
air or sediment and is at the same
time transported downstream. Due to the
well known doppler effect, the frequency
of the reflected beam will be higher
than the frequency of the transmitted
signal. The higher the pipeline veloc-
ity, the greater the frequency change.
This provides a way to compute the
pipeline velocity.

When too few particles are present
to give a useful reflected signal most
meters display a warning that the signal
levels are too low to be reliable. Then
air or sediment must be added upstream
to the flow if a successful measurement
is to be made.

A portable doppler type unit was
rented from Polysonics for testing
to see if such a meter was suitable for
use in a pump efficiency monitor.
Measurements of flow in eight wells were
made. A summary of the test wells and
the results are given in Table 1l.

Although signal levels were often
marginal in the clean water without air
injection, the results were promising
enough to justify purchase of a unit.

One portable unit marketed by
Bestobel (Model P-12) in Great Britain
sells for about $2,000 in this country.
A P-12 was acquired and further testing
confirmed the conclusions drawn earlier
as follows:

(1) If the pump is set within 50
feet of the ground level, air injection
is not necessary for a good measurement.
Entrained air and intense eddies give
adequate reflection for the measurement.

(2) if 10 diameters or more un-—
obstructed approach distance 1is not
available, the meter will likely give an
incorrect flow rate due to the abnommal
velocity distribution in the pipe. 1In
this case an in-place field calibration
of the unit should be done against some
other flow measurement device.

Where air injection is needed, it
can be supplied by a small, low cost
($20) 12 volt air compressor and power
supply. A small storage tank with
pressure switch allows the compressor to
run intermittently.

Other flow meters. Many other flow
meters are available for permanent
installation. Most require modification
of the piping system and are thus not
readily portable. Venturi meters,
orifice plates, propellor meters, etc.,
belong in the group. Magnetic meters
were once large and bulky but now are
smaller and lighter. Most are built
into special sections of pipe and thus
require modification of the pipe system.
However, some magnetic meters require
only the insertion of a small diameter
probe into the pipe and are just as
easily installed as a pitot type
meter, but are more costly.

Tracer methods. A tracer injected
into a flow can be used to measure
velocity by measuring the time to move
a fixed distance. Thus a velocity




Table 1. Doppler ultrasonic meter tests on wells in Cache Valley.

Would
Well Signal Air Injection Unobstructed Depth to
Identification Strength Be Required? Upstream Distance Pump (ft)
UWRL Turbine Pump High No > 10 Diameters 10
Drainage Farm Booster High No v 5 D. 4
Crockett Ave., Logan Low Yes “ 4 D., Unstable >130
City
Smithfield Irr. Co. High No > 5 D., Very Stable <50
(150 W. Center)
Smithfield Irr. Co. High No > 15 D, Stable <50
(450 S. 2nd W.)
Lions Lodge Well Low Yes "~ 5 D., Unstable >100
Smithfield City Well Begins High, No Entrained air gives Unknown
(Ballpark) Later Low Yes stable signal at first
but not good later
Logan City, 7 N. 6 E. Low Yes ~v 6 ft, Very Stable Unknown




measurement becomes a matter of counting
elapsed time. Since a counter/timer
unit had been developed to measure power
input, some experiments with tracers
were conducted to see if a low cost
tracer/flow meter could be developed.

The concept was tried out first
using dye injection in a transparent
section of pipe. A TV camera recorded
the movement of the cloud past two
lines inscribed around the pipe at a
known distance apart. Using the
built-in frame by frame advance system,
the elapsed time was measured. The
system was obviously not suitable for
installation in a municipal or irriga-
tion piping system, but did give some
valuable insights into the design and
operation of the tracer injection
system.

The next tracer used was common
salt water. Simple probes signaled
passage of the tracer cloud with a rise
in conductivity. A counter gave
elapsed time between signals from the
probes. However, because of under-
standable objections to adding salt to
drinking water or irrigation water, this
method was abandoned.

The last tracer tried was hot
water. There usually is no objection
to adding a little hot water to the
flow, but problems in finding sensors
to detect the passage of the warm cloud
were formidable. When sensor and
circuit development costs became too
great, attempts to use a tracer tech-
nique for flow rate measurement were
abandoned .

Pumping Lift Measurement

The pumping lift is the difference
in elevations of the total energy line
at the inlet and outlet of the pump as
illustrated in Figure 1.

Bubbler tube. The pumping 1lift,
Ep, in a pumped well can be most con-
veniently measured by means of a
bubbler tube and a differential pressure

gage. A bubbler tube is a small diam-
eter fixed pipe installed in the well so
that an end is always below the water
surface in the well. The upper end
is connected to a pressure gage and a
source of air so that a small amount of
air can be forced out the lower end a
bubble at a time. Pressure, Py, in
the bubbler tube then depends on
the depth of the lower end below the
water surface. By connecting the
bubbler tube to the low side of a
differential pressure gage and the
delivery line to the high side, the
pumping lift is then given by Equation
3 where P -Pg is the reading of the
differential pressure gage in psi.

Every water well should have a
bubbler tube installed at the time
the pump is set in the well, but most
wells are not so equipped. Fortun-
ately it usually is possible to add a
plastic (Tygon) tube to the well at
a later date. This can be done by
attaching some small segments of
articulated weights (about 1/2 1b is
sufficient for Tygon tubing) to the
end of 1/4 inch plastic tubing which is
then lowered down the annular space
between the casing and the delivery line
in the well. The end of the tubing
should be far enough below the water
surface so that the bubbler line 1is
always submerged. ©Purpose of the
segmented weights is to allow it and the
tubing to be threaded through the small
diameter access hole usually found in
the base plate of the motor. Stretching
of the Tygon tubing was experimentally
found to be non-significant compared to
other inaccuracies in the system.

Due to 1irregularities in the hole
alignment, the tubing sometimes becomes
stuck between casing and delivery line.
When this happens it sometimes helps to
turn the pump on and off. This shakes
the pump column and often frees the
bubbler line so that it will slide on
down the hole.

Low cost air supply. Commercial
bubbler tube supply units are available.




These consist of a high pressure tank
for air storage and a flow controller
which releases the air in at a very slow

rate. For this project another approach
was developed. Air was supplied by a
small, inexpensive air compressor for

emergency inflation of automobile tires.
The compressor delivers air to a small
pressure tank and is turned on and
off as needed by a pressure controller.
Air from the tank is controlled and
measured into the bubbler line by a low
cost tapered tube flow meter. A flow of
0.5 to 1.0 SCFH (standard cubic feet per
hour) is sufficient for the bubbler tube
and can be easily supplied by the small
compressor for long periods of time.
Furthermore, air for injection into the
pipeline for the ultrasonic doppler flow
meter measurement can be supplied
by the same system.

Input Power Measurements

Reading the wattmeter manually.
Electrical wattmeters measure energy
consumption by using a rotating disc in
an electrical field. The strength of
the field and therefore the rate of
rotation of the disc (power) is directly
proportional to the product of the
applied voltage and the resultant
current. The shaft of the disc connects
to a set of gears which turn pointers
to indicate the energy consumed in
kilowatt-hours. To determine the power
or rate of energy consumption all that
needs to be done 1s first determine the
meter constant (Kp) which is generally
printed somewhere on the face of the
meter and then measure the time required
for a revolution of the disc. This is
easily done with a stop watch since the
disc has a short black stripe on it thus
enabling an observer to determine when a
revolution has occurred. Units of
Ky are usually watt-hours per disc
revolution. To improve the accuracy
of measurement, it is best to time the
disc for 10 revolutions. Since units
if K, are watt-hours per revolution
and disc revolution measurement is
in seconds, it is necessary to multi-
ply the resulting number by 3600 to

find the correct power in watts. An
example should help to explain this
measurement :

Suppose the meter Ky = 46.3 and
the disc made 10 revolutions in 15

seconds. The power consumption would be
Pin = 46.3 x 1o x 3600

= 111.12 watts or 111.12 kilowatts

This number would then be substituted
into Equation 1 to find the pumping
system efficiency.

Semi-automatic power measurement.
Using a regular wattmeter to determine
the instantaneous power requires a
measurement of the rate of rotation of
the wattmeter disc. The power can then
be found by using the K, factor printed
on the meter face. When automating
power measurement it 1is convenient to
count the time for 1 revolution. Then

Watts = (3600 Kp)/M

where
M = sec/rev

To evaluate M it would be necessary to
have a counter which counts secounds
during one revolution. As an alterna-
tive, since 60 cps 1is conveniently
present, the number of 60 cps cycles
which occur during one revolution could
be counted. This number will be 60
times M and the equation

(60)(3600)K, 216,000 Ky,
Watts = =

60 M C

or

216 Kh

6

C (6)
where C is the number of 60 cps cycles
in one revolution. Some meter installa-
tions have a current transformer in the



circuit. If so, it will produce a
multiplying factor on K. The factor
is stamped on the coil and usually is
between 2 and 10. For a semi-automatic
monitor system, the monitor unit will
count and display the factor C. The
operator need only obtain Ky from the
meter face, read the displayed count and
substitute into the above equation.

The semi-automatic system to
accomplish the power measurement
is shown in the schematic diagram of
Figure 2. 1In order to use this system
it is necessary that the power company
install a switch on the meter. This
is a standard accessory and can readily
be added to any power meter for about
$500. This switch (one type is called a
D-52 pulse initiator) will briefly close
once for each revolution of the meter
disc and thus facilitate the required
measurement.

The circuit functions as follows:
The D-52 switch sends a + signal
to 4098-A through a 4093 Schmidt Trigger
NAND gate. The output of 4098-A
does two things, 1) toggles the 4027
(through 4098-B) and 2) produces an

10

output (reset) pulse out of 4093 pin 10,
if the 4027 Q_line is high at the time.
If the 4027 Q line is low, no reset
pulse will be produced. If a reset
pulse is produced, the counter is reset
and the display goes to 0. The rising
edge of the Q pulse from 4098-B toggles
the 4027 whose Q line enables 4093 pin
13 so that the 60 Hz pulses on pin 12
are passed on to the counter. The
counter accumul ates 60 cps counts until
the next closure of D-52 which repeats
the above sequence except that with 4027
Q high there will be no 60 N pulses to
the counter so it just holds the
count obtained at the end of the first
revolution.

The waveform at various indicated
points in the circuit are shown in
Figure 3. It will be seen that the
display counts during one disc revolu-
tion and displays during the next. This
affords the operator sufficient time to
observe and manually record the count to
be entered into the equation. For
improved accuracy, if power fluctuates,
it is recommended that several sequen-
tial readings be recorded and the
average taken.
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CHAPTER III

LOW COST SEMI-AUTOMATIC MONITOR DEVELOPMENT

The semi-automatic pump efficiency
monitor development began with an exper-
imental prototype model which was fol-
lowed by two improved production models.

Prototype Model

The prototype monitor unit had the
following components:

Power supply to make available 12

v. DC for the compressor and
the 5 v. DC for the timer
circuits.

Compressor, air tank and controls
to supply air for the bubbler
tube and for air injection if
the ultrasonic flow meter was
used.

Accutube and differential pressure
gage (0-10 inches water) to

determine the pump discharge
rate.

Pump lift differential pressure
gage to measure pumping
lift (0-60 psi).

Counter—-timer and display to
measure the number of 60 cps
counts during one revolution of
meter disc.

Miscellaneous wiring, switches,
tubing, bleed valves, air flow
meters and control valves.

Hand held calculator for effi-
ciency computations.

Most of the components were
roughly mounted in a carrying case for
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convenience of transport. The prototype
unit was first built, installed,
tested and evaluated for ease and
accuracy of operation on one of the
pumps at the Utah Water Research Labor-
atory. Later in the spring of 1980
it was installed on the Kimberly, Idaho,
city well No. 1 where it operated
intermittently for over two years until
it was dismantled and used for parts
when the totally automatic unit was
developed. Site parameters for the
Kimberly No. 1 well were as follows:

Delivery line I.D. = 8.225 inches.
Approximate discharge = 800 gpm.
Measurement by means of an '"Accutube"
pitot device and a differential pressure
gage or by a Bestobel Ultrasonic Meter.

Approximate line pressure = 34 psi.
Vertical distance from pump 1lift
gage to bottom of the existing bubbler

tube 228.3 ft.

Power meter 1s equipped with D-52
pulse initiator switch.
is 57.6 and
2.

Power meter factor
current transformer factor

The delivery pipe has a check valve
and a 90° elbow, then a straight
piece of pipe about 10 diameters long
before the pipe goes underground.
The set of operating instructions shown
in Table 2 were prepared based on
the site parameters and monitor charac-
teristics.

While the monitor unit was set up
at UWRL, several persons were invited to



Table 2. Pump efficiency monitor instructions for prototype unit installed at
Kimberly City Well No. 1.

1. Turn on master switch "A". Compressor will start and pump air tank up to 30
psi (gage "C") and shut off.

2. Close bypass valve below gage "B". Read gage "B" and record the differential
pressure head, Ahy (inches of water) after the gage stabilizes.

3. Turn on bubbler tube air flow gage '"D" until indicator shows 1.0 SCFM (ball at
red line). The ball will slowly drop as the pressure in the air tank goes
down. Thus, small adjustments may be needed until gage "E" stabilizes. Read
gage "E" and record pressure AP (psi) after gage stabilizes and reaches its
lowest point.

4., Note the 3 digit electronic time display "F" and record the average of at least
5 readings (T).

5. Calculate pump efficiency, E, from equations shown below.
6. Record the reading from the pressure gage on the discharge pipe.
7. At end of monitor test: (a) Turn off air flow gages
(b) Turn off master switch "A"
(c) Open bypass valve beneath gage "B"
(d) Turn off and stow calculator
8. Equations for individual calcul ations:
(a) Velocity, ft/sec: V = (1.548) vVAhy,
(b) Discharge: Qcfg = 0.369V; Qgpy = 0.369 (449) V

(¢) Pumping head or

total lift, ft: Ep = (2,31)(AP) + 228.3 + v2/64.4
(v2/64.4 = 0.35 ft).
(d) Power out, (KW): P, = (0.0846) (Q in cfs)(Ep)
(e) Power in, (KW): P; = 24883/T
(f) Pump efficiency in
percent: E = Power out (100)/Power in

9. Alternate method to obtain V in ft/sec: Read directly from the Bestobel meter
"G" while injecting air into the pump delivery line by turning on air flow gage
"H" to 1 SCFH.

14



the monitor to determine the
pumping system efficiency. Some were
engineers, some were shop technicians
and some were students. With just
a few minutes to study the written
instructions but with no other training
with the unit, each person was able to
successfully complete an efficiency
measurement. While such persons who
were not familiar with the monitor
unit could use it to determine pump
efficiency, they probably could not
recognize 1if something was wrong with
the unit, and could not cope with
mal functions or diagnose the cause of
failures. Trained persons would still
be needed to make periodic inspections
of the monitor to see that it was in
working order.

use

Since the prototype unit was
installed inside a pump house, there was
no need to weatherproof it or take
special care to guard against freezing
conditions in the wintertime.

Table 3 shows some typical effi-
ciency values for the Kimberly City Well
No. 1. The data indicate a drop in
efficiency in 1982.

Production Models

One production model was a low cost
semi-portable unit and the other was a
medium cost, portable unit. Both units
were carefully packaged in a carrying
case for protection from the weather and
from vandals and for convenience when
transporting them.

Low cost unit. This unit is shown
in Figure 4 and has the following
components:

Power supply for the compressor.

Compressor system to supply air to
the bubbler tube.

"Annubar" and differential pressure
gage to measure pump discharge.

Bubbler tube pressure gage.

Miscellaneous wiring, switches,
tubing, valves and air flow meter.

Hand-held calculator with stop
watch capability for timing the
disc and computing the efficiency.

The low cost unit was initially
installed on a well belonging to Gary
Nebeker located 1/2 mile south and 1/2
mile east of N3000, E4300 near Kimberly.
Site parameters are as follows:

100 H.P. pump.
Delivery line I.D. = 8.06 inches.

Approximate discharge = 640 gpm.
Measurement by "Annubar" pitot
tube device.

The line pressure was not measured
since the pump delivery is
into an open ditch after just 14
ft of pipe. Bubbler tube pres-
sure was measured by pressure

gage.

No bubbler tube was in the well,
but a plastic bubbler line was
successfully installed. Vertical
distance from the end of the
bubbler tube to the center of
the delivery line at the ditch
is 451 ft.

The power meter was not equipped
with pulse initiator switch so
the disc rotation was timed by
the calculator/stop switch.

The operating instructions for the
unit are given in Table 4 and a typical
measurement in Table 5. Approximate
production cost of the unit was $2,250
not including development costs. Mass
production and purchasing would reduce
this somewhat, but manufacturers
profit would make the selling price near
the above amount.

Medium cost unit. The unit is
shown in Figure 5 and has the following
components:

a



Table 3. Pump efficiency data--Kimberly City Well No. 1.

Date Discharge Power Pumping Pump
Flow Rate Head Efficiency
(gpm) (Kw) (ft) (%)
1980
6/10 790 67.6 283 62.2
6/11 803 67.6 285 64.0
7/30 807 67.4 ‘ 285 64.3
1981
6/11 807 68 283 63.1
6/19 790 68 284 62.8
7/16 803 67 286 64.5
7/24 799 67.4 284 63.2
7/30 799 67.4 284 63.2
8/20 798 67.4 284 63.3
9/10 798 67.2 282 63.0
9/23 808 67.6 277 63.9
1982
5/27 726 68.1 285 57.2
6/11 726 67.8 290 58.6
7/2 734 67.2 284 58.3
7/9 734 67.8 281 57.3
8/6 726 67.4 284 57.7
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Low cost monitor unit.

Figure 4.
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Table 4. Pump efficiency monitor instructions (Gary Nebeker Well).

1. Remove front cover of monitor box. Attach extension cord between
the monitor box and the 110 V outlet on bottom of the pump starter
box. Turn on master switch "A". Compressor will start and pump air
tank up to 40 psi (gage "b") and will shut off.

2. Open both of the small valves on top of the flow sensor in the pump
delivery line. These control the flow through the 1/4 inch tubing
connecting the monitor box and the flow sensor. Both 1/4 inch
lines must be completely full of water. Close the bypass valve
connecting the two 1/4 inch tubes where they enter the monitor box.

3. Turn on bubbler tube air flow gage "C" until indicator shows 1.0
SCFH. Record lift pressure, p, from gage "D" in psi after the gage
stabilizes and reaches its highest point.

4. Record differential pressure, Ahy, from gage "E" in inches of water
after the gage stablizes at its highest reading.

5. Familiarize yourself with the operation of the calculator as a
stopwatch. Time the seconds, T, required for 10 revolutions of the
power meter disc. Take an average of at least 3 readings of T and
record it.

6. Calculate the discharge, pumping lift, power output, power input,
and the efficiency using the equations below.

7. At the end of the efficiency test:

(a) Turn off air flow gage ''C".

(b) Close both tubing valves on top of flow sensor on pipeline.

(c) Open bypass valve between tubing where it enters box.

(d) Turn off master switch "A".

(e) Stow calculator.

(f) Remove extension cord and replace monitor box cover.
Velocity, V, in feet per second Vg,g = 1.526 /Ahw

Equations:

(a) Discharge, Q Qcfs = 0.541 /Ahy Qgpm = 243 VAhy

(b) Pumping Lift, Ep Ep = 451.3 - (2.31)(aP)

(c) Power Output, P, Po = (0.0846) (Qcfs) (Ep)

(d) Power Input, Pj; Pi = 1,728/T T = Time in seconds for 10

revolutions of the disc

(e) Efficiency (%), E E = (Po/P1) (100)
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61

Table 5.

Pump efficiency monitor data sheet (Gary Nebeker Well).

Bubbler Differential Time Flow Pumping Power Power Pump
Date Pressure Pressure for 10 Rate Lift Output Input Efficiency

(1981) AP Ahy, Revolutions Q Ep P, P; E
psi inches H50 Seconds cfs ft. kw kw %

19 June 13.6 6.9 20.5 1.42 419.9 50.4 84.3 59.8

16 July 7.1 6.7 20.9 1.40 434.9 51.5 82.7 62.3

24 July 5.6 6.4 21.0 1.37 438.4 50.8 82.3 61.7

31 Aug. 13.0 6.9 20.6 1.42 421.3 50.6 83.9 60.3

10 Sept. 13.5 7.0 20.4 1.43 420.1 50.8 84.7 60.0

23 Sept. 12.6 6.8 20.3 1.41 422.2 50.4 85.1 59.2
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Power supply for compressor and
timing circuit.

Compressor system for the bubbler
air and injection air for the
Ultrasonic flow meter.

Bestobel Ultrasonic flow meter to
measure pump discharge.

Pump lift differential pressure
gage.

Counter-timer and display to
measure the 60 cps counts during
a revolution of the disc.

Miscellaneous wiring, switches,
tubing, valves and air flow meters.

Hand held calculator to compute
efficiency.

The medium cost unit was initially
installed on a well belonging to Kevin
Stanger located 1/2 mile south of the
Kevin Stanger home at N3200, E4000 near
Kimberly. Site parameters are as
follows:

Delivery line I.D.= 10.5 Inches

Approximate discharge 900 gpm.

Measurement by Ultrasonic flow
meter.
Approximate line pressure = 75

psi

From the pump there was 2 1/2 ft of
delivery line, then a welded-in check
valve, then 1 1/2 ft of pipe, followed
by a 45° elbow and then only 3 1/2 ft
before the delivery pipe went under-
ground.

No bubbler tube was in the well but
a plastic bubbler line was
successfully installed. Vertical
distance from end of bubbler
tube to center of lift gage is
298 ft.

The power meter was equipped with a
pulse initiator switch (charges
by Idaho Power for this was
$516).
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The operating instructions for the
unit are given in Table 6 and a typical
measurement in Table 7. The efficiency
is thought to be higher than is likely
for the well. This is believed to be
due to the extremely short line (2 1/2
ft) available above ground for location
of the sensor for the Bestobel Ultra-
sonic flow meter. The check valve,
elbow and short distance means the
velocity is not distributed as it should
be for a factory calibrated measurement.
The meter could give accurate flows if
the meter could be calibrated in place,
but this was not possible without extra
costs. Since the primary purpose of
this work was to test the reliability
and ease of operation of the unit, no
effort was made to check the calibration
of the meter in place. This should be
done if accurate readings are required.

Cost of the medium unit was about
$3,300 to which should be added cost of
the pulse initiation switch.

Both production units were packaged
in a weatherproof box. Both units had
to be drained in the fall to prevent
damage to the components by freezing.
This 1s not a problem on an irrigation
well, but additional "winterizing" work
would be needed to keep the units
located outdoors running in the winter.
For winter operation, pressure taps must
be replaced by a sensor ring such as
those marketed by Red Valve Co. and
shown in Figure 6. Thus, one sensor
ring would be needed at each pres-
sure tap location. The Nebeker well
would need two (for flow measurement).
The "flow" differential pressure
gage would have to be replaced by two
identical pressure gages of a type that
would measure the pressure without much
movement of fluid in the lines. The
fluid in the lines between sensor rings
and transducers would be anti-freeze.
Stanger's well would also require two
sensor rings on the lift differential
pressure gage. The ultrasonic meter
would need no winterizing. Costs per
sensor ring would be about $300 or $600
for each unit.



Table 6. Pump efficiency monitor instructions (Kevin Stanger Well).

1. Remove front cover of monitor box. Attach extension cord between the
monitor box and the 110 Volt outlet on bottom of the pump starter
box. Turn on master switch "A". Compressor will start and pump air
tank up to 100 psi (gage "B") and will shut off.

2. Open both of the small valves on top of the pump delivery line.
These control the flow through the 1/4 inch tubing connecting the
monitor box and the delivery pipe.

3. Turn on bubbler tube air flow gage "C" until indicator shows 0.5
SCFH. Record lift pressure, p, from gage '"D'" after the gage sta-
bilizes and reaches its lowest point.

4. Turn on air injection flow gage "G" until indicator shows 2.0
SCFH. Turn on Bestobel flow meter "E" by pushing '"On'" button.
After a short time the signal strength meter should read greater
than 6 and the velocity meter will reach a maximum. Record the
velocity, V, on data sheet. The meter will automatically turn
off after 1 minute. Be sure the "Fluid Calibrate" dial is set
at 0.5 and the '"Noise Cancel" dial is full clockwise. Because
of electrical interference from the compressor unit, read the
flow meter only when the air compressor is not running.

5. Note the 3 digit electronic timer display "F'". Record the average of
at least 5 readings of T.

6. Calculate the discharge, pumping lift, power output, power input
and the efficiency using the equations below.

7. At the end of the efficiency test:

(a) Turn off air flow gages "C" and "G".

(b) Close both tubing valves on top of pump delivery line.
(¢c) Turn off master switch "A".

(d) Turn off and stow calculator.

(e) Remove extension cord and replace monitor box cover.

Velocity, V, in feet per second from Bestobel flow meter
Equations:

(a) Discharge, Q Qcfs = 0.601 V Qgpm = 269.8 V

(b) Pumping Lift, E

298.2 + (2.31) (p)
(0.0846) (Qcfs) (Ep)
(d) Power Input, Pj Pi = 82,944/T T= Number of 60 cps

counts in one revolution
of the disc

P Ep
(c) Power Output, P, Po

(e) Efficiency (%), E E = (P,/Pi) (100)
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Table 7. Pump efficiency monitor data sheet (Kevin Stanger Well).
Lift Flow Timer Flow Pumping Power Power Pump
Date Pressure Velocity Reading Rate Lift Output Input Efficiency
(1981) P. \" T Q Ep Po Pi E
psi fps cfs ft. kw kw %
19 June 71.3 3.6 822 2.16 462 .9 84 .6 100.9 83.8




Both units operated success- Both units could be operated by

f?lly_for two summers at their ini- inexperienced people if they would
tial installations. They perform- take time to study and follow the given
ed consistently and reliably ex- directions.

cept for the flow measurement on
the Stanger well as already dis-
cussed.

Instrumentation
GAUGE, TRANSMITTER, PRESSURE SWITCH

Epoxy Seal

Fluld Chamber

360° Sensing Sleeve

Solld Center Flange

Thru Flange Bolting

Figure 6. Sensor ring for winterized operation.
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CHAPTER IV

FULLY AUTOMATIC MONITOR SYSTEM DEVELOPMENT

Concept and Capability

The fully automatic monitor system
was developed under an extension of the
original contract in response to the
perceived need for a system that would
not require an operator to do any part
of the measurement, computations, or
recording of the data. The objective
was to produce a compact, semi-portable
system which could initiate a measure-
ment of pump efficiency at any pre-
selectable time, measure and store all
the necessary parameters, make the
needed computations, and then both
display and print the relevant informa-
tion.

Initially the plans were to convert
an available calculator or computer
device to perform the tasks. Soon it
became apparent that a unique, special
purpose computer system could be de-
veloped just as readily which would have
the added advantage of greater flexibil-
ity and reliability. The computer
system chosen is based on the 8 bit
Z-80A microprocessor.

Description of the Fully
Automatic System

The fully automatic system was
packaged in two cases as shown in Figure
7 which contain the following com-
ponents:

Auxiliary equipment case.

Power supplies for compressor,
transducers, and solenoid valves.

Compressor, air tank, and air flow
controls to supply air for the bubbler
tube.
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Pump 1ift differential pressure
transducer to measure pumping lift
(0-100 PSID).

Accutube and differential pressure
transducer to measure pump discharge
rate (0-20 inches water).

Solenoid valves for protecting the
flow transducers between measurements,
bleeding accumul ated air from the lines,
and determining the zero flow condition.

Miscellaneous wiring,
switches, bleed valves, etc.

connectors,

Computer case.

supplies for computer,
and other circuits

Power
printer, clock,
and controls.

control operations,
and display and print

Computer to
make calculations,
the results.

Display module for Efficiency,

Power In, Lift, and Flow.

Paper tape printer with choice of
continuous or once a day readings.

Real time clock with initialization
(setting) capability.

EPROM for programmable memory.

ROM for storing site data through
switch selectable inputs.

Umbilical connection to auxiliary

case.

The operations done by the monitor
unit make the necessary measurements and



Automatic monitor unit.

Figure 7.

then evaluate the pumping system effi-
ciency using the following equation:

Efficiency (%) =

V2
64 .4

time for 1 disk rev.

0.0846 V AL (H + + 2.31 AP)

meter factor +

where V = 1.52 Ahy, and hy is the
differential pressure head in inches of
water.

The pitot tube device used to
determine the flow rate requires
the measurement of a small (about 10
inches of water) differential pres-
sure in a pipe with a high line pressure
(usually > 50 psi). The small differ-
ential pressure to be measured requires
a sensitive transducer which is vulner-
able to damage should a larger differ-
ential occur for any reason. Further-
more, air bubbles may accumulate in the
tubing and this requires bleeding
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the air bubbles from the system.
Finally, some electrical drift occurs in
all transducers if given enough time and
this requires some means of taking a
"zero" reading as a reference for the
measurement.

The pumping lift is usually large
so a much less sensitive transducer is
used. Only an occasional manual air
bleed is needed to keep this transducer
in operating condition.

Sequence of Events During

Monitor Operation

The operation of the monitor system
can best be described by listing the
sequence of events which occur during a
set of measurements. It is assumed that
the monitor unit has been installed at a
well site, that the real time clock has
been set to local time, and the site
constants have been loaded in the



computer memory by following the

instructions in Appendix A.

1. Begin a measurement upon a
signal from a switch or from the
real time clock.

2. Measure 10 revolutions of the
power meter disk and compute and store
the power input, Ppy.

3. Measure and store the lift
pressure, AP.

4, Operate solenoid valves to
protect the flow transducer between
readings, to bleed air from the lines
prior to a reading, and to make and
record a "zero" reading of the trans-—
ducer.

5. Measure the velocity differ-

ential pressure head, Ahy,, by reading
the flow transducer and subtracting the
zero reading. Then compute and store
the velocity, V, in Equation 5.

6. Compute and store the pumping
lift, Ep, in Equation 3.

7. Compute and store the flow
rate, Q, in Equation 4.

8. Compute and store the effi-
ciency, E, in Equation 7.

9. Display the Efficiency, Power
In, Lift, and Flow Rate.

10. Print the well number, day,
date, time, Efficiency, Power In,

Lift, and Flow Rate.

I1. Repeat the sequence above two
more times to complete a set of three
measur ements.
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12. Wait for the signal to begin
the next series of measurements (2 min
to 24 hr as selected by setting the
switch to "Continuous" or '"24 hr'").

Since the monitor unit is complete-
ly automatic in its operation, no
instructions are needed for operation
once it has been installed and set up by
a qualified person. The experimental
unit was not installed in a weatherproof
box, however, and it must be given
suitable protection in a shelter and
kept above freezing temperature.

The automatic monitor unit was
installed initially inside the pump
house of the Kimberly City well where it
operated successfully for two periods of
several months each. Figure 8 shows
typical data from the printer. Each
time service was ended by failure of the
same integrated circuit chip at the time
of a power outage. Apparently a tran-
sient power surge damaged the chip.
Protection of the unit with a constant
voltage transformer or surge arrestor is
recommended .

Once a week the air that accumu-
lates in the line pressure trans-
ducer tubing should be bled out by
slowly opening the bleed valve for
a few seconds. Now and then the paper
tape in the printer must be replenished
and the printed tape record removed.
Normally no other routine maintenance is
needed .

A more detailed description of the
monitor unit and its electrical circuits
is given in Appendix A. Instruction for
initial installation at a site, inputing
the site parameters, setting the real-
time clock, and starting up the unit are
also given in Appendix A. The computer
program that runs the unit is listed in
Appendix B.
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Typical printer tape.

Figure 8.
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CHAPTER V

SUMMARY

The Utah Water Research Labora-
tory of Utah State University has

developed, tested, and evaluated four
low-cost, pump efficiency monitors. The
units are packaged for convenience in

a carrying case(s) and can be install-
ed permanently or used as portable
units. The prototype and two of the
simpler units require the operator to
read some gages and then use a hand-held
calculator to make some simple cal-
cul ations to determine efficiency. One
model uses a pitot tube device and the
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other an ultrasonic meter to measure
flow rate. The final model is totally
automatic in its operation. A timer
turns the unit on at a programmed
time and the unit itself makes all
the measurements and calculations,
displays the results, and also prints
a permanent record. The unit can
also be set for continuous operation.
Costs of the units, not including
development costs, are between $2,250
and $5,500 depending on the sophistica-
tion.






APPENDIX A

COMPUTING ELECTRONICS FOR THE AUTOMATIC

PUMP EFFICIENCY MONITOR

This appendix describes the com-
puting electronics for the automatic
pump efficiency monitor. The accumula-
tion of data from the velocity, pressure
and kwh meter-timer peripheral trans-
ducers is accomplished via this unit and
the computation of the efficiency of the
pumping system is done using the follow-
ing equation:

_ P(OUT)

_?(IT)'X 100=

EFFICIENCY (%)

V2

55 + 2.31 AP) (100)

meter factor + time for 1 disk rev.

0.0846 VAL(H +

where
V = velocity of water in pipe
(feet/sec) = 1.548 VAhy,
Ahy, = wvelocity differential head
(inches of water)
A, = cross-sectional area of
pipe (square feet)

H as indicated in Figure A-1,
vertical distance from
center of lift gage to the
end of the bubbler tube
(feet)

P = line pressure (pounds per

square inch, psi)
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Pg bubbler pressure (psi)

AP Py, - Pg (psi) = lift pres-

sure differential (psi)

The computer system is based on an
8-bit microprocessor, the Z-80A, which
was chosen for its availability and
copious documentation, ease of operation
for the job specification, and the
experience with the device.

Because plenty of power was avail-
able at the point of use, it was not
necessary to base the electronics
around a low-power c-mos microprocessor,
suitable for battery operation and thus
a standard Z-80A operating at 5 volts,
with a 2.4576 MHz crystal clock was
used.

The electronics accompanying the
microprocessor, as found on the main
board, and controlled by and/or supply-
ing data to the Z-80A can be divided
into the following main areas:

1. Reset and clock

2. Address/data/control bus
buffering

3. Input/output, memory address
decod ing

4. CTC counter/timer circuits

5. PIO input/output circuits

6. Analog-to-digital conversion

7. RAM/ROM memory devices
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8. Switched ROM devices

9. 7-segment display

10. RTC real time clock

11. Printer output

12. Compressor unit and secondary
electronics

The above areas will be elaborated
upon with reference to specific cir-
cuitry and basic properties that de-
scribe each section with respect
to the others. The following overall
system diagram, Figure A-2, serves
to tie in each of the above sections to
form the total computer system.

1. RESET and Clock

(a) The RESET function is a most
necessary control in that once activated
it stops the microprocessor's execution
of instructions and loads the program
counter within the Z-80A with O0OOOHEX,
i.e., the lowest memory address. The
program is written into an EPROM with a
starting address of OOOOHEX. The
application of the RESET signal will
interrupt the current sequence of
instructions and force the program to
be initialized, commencing at OOOOHEX.
The RESET (the condition is logic
zero) is generated by power-on as well
as by push-button momentary contact
manual operation. The signal is also
fed to the counter/timer circuits.

Upon power-on, the capacitor (47
microfarads in Figure A-3) is initially
discharged and a logic 0 will appear on
the RESET output for a fraction of a
second. Once power is on a RESET can be
obtained by the push-button momentary
contact switch being depressed. The
processor remains in the RESET state as
long as the switch is depressed.

(b) The Z-80A requires a single
phase clock only and can be run up
to 4 NHz. To provide convenient divi-
sions for the CTC timing sequences
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a 2.4576 MHz clock has been used as
shown in Figure A-4 (note that 2.4576/
256 9600 Hz, 9600/96 100 Hz, i.e.,
100 pulses per second or a resolution of
1/100th of a second). For consistent
execution time and for more precise
timing for the CTC, a crystal controlled
circuit is used.

The 330 ohm pull-up resistor
satisfies the AC and DC clock signal
requirements but a separate inverter
gate section is used to drive the
pull-up.

2. Address/Data/Control Bus Buffering

The Z-80A should drive only one TTL
load for each output pin and thus it
becomes necessary for buffering to be
used on all lines that connect to other
circuitry; indeed, even a logic probe
applied to an unbuffered line may cause
fatal results as far as the micropro-
cessor is concerned. Many lines drive
parallel devices and buffering provides
extra drive. The 74367 non-inverting
tristate bus driver is capable of
sinking 48 MA and can accommodate any
combination of TTL, LSTTL or memory
connections.

(a) Address Bus:

The 16-bit wide address bus 1in
Figure A-5 1is uni-directional and the
tristate function of the 74367 is
controlled by the BUSAK signal which is
inverted before application to the
driver's control inputs. In a non-DMA
application, as in this case, the BUSAK
is high and the 74367 passes all
outputs from the Z-80A. If a DMA
request was to be acknowledged by the
Z-80A then BUSAK would go low, the
74367's placing their outputs in a
high impedance mode allowing the address
bus to be used by another processor for
example.

(b)

Data Bus:

The reason for buffering the 8-bit
wide data bus is the same as for the
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Figure A-5.

Address bus.
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address bus, but in this case we wish to
make the data bus bidirectional in that
data flow is channeled from associated
circuits to the microprocessor and
vice-versa.

By using the 74367's in opposite
pairs we can accomplish the bidirec-
tionality along with the RD read line
from the processor. Recall that the
tristate nature of the bus drivers
enables us to effectively turn the
outputs from a normal passing mode to a
high impedance mode and the RD line can
control this function as diagrammed in
Figure A-6.

Note that in a write operation, RD
is high which places the control
inputs on the top two devices in a low
state, allowing the data on the Z-80A
data pins to be passed out onto the data
bus. The lower two devices (inputs/
outputs configured opposite to the other
74367's) have a high logic state present
on their control pins which places their
outputs in the high impedance state.
The read operation is facilitated with
the processor putting its RD line low
and the top two 74367's go into the
high impedance state, the lower two
passing data from the data bus to the
processor.

(e)

Control Bus:

The control signals co-ordinate
peripherals and channel data and
addresses at the proper times, both into
and out of the Z-80A. The control bus
is buffered using 7414 HEX Schmitt
triggers and buffering is supplied for
the following signals:

BUSAK, RD, WR, MI, IORQ, MEMRQ

input signals to the Z-80A are
tied high. These include: WAIT, INT,
‘NMI, BUSRQ. Interrupts are not support-
ed in this system, and the HALT and RFSH
lines are not used. Thus, the Z-80A is
configured such that it is embedded one
level using buffering on the address,
data, and control busses as in Figure
A-7.

Unused
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3. Input/Output, Memory Address
Decoding
By means of the circuit of Figure
A-8 the Z-80A can directly address

65,536 (64K) individual bytes (8-bits)
of program memory and 256 individual
input and output ports. In this system
there are available 2048 bytes of EPROM
and 1024 bytes of RAM, as well as areas
used in a memory mapped configuration.
The CTC's and PIO's are used in an 1/0
enviromment. Both memory and I/0 device
addresses need to be decoded to ensure
uniqueness in device selection when the
address bus has placed on it a valid
address by the processor.

7415138 decoder/multiplexers are
used in the 3-to-8 line decoder mode.
The 7-segment LED's and switched
ROMs are decoded on 256 byte boundaries.
One of the memory mapped signals is used
to strobe the A/D's as shown on the
diagram.

4, CTC Counter/Timer Circuits

There are two CTC's available one
being used as an event timer for the
revolution of the kwh meter disk.
Eight revolutions of the meter disk are
counted by external hardware and the
state of a PIO input is flipped each
time eight are counted; the time between
successive high states gives the elapsed
time for eight revolutions which 1is
divided down in the program so that an
average value of the power usage can be
calcul ated. Three channels of the
available four on the CTC are used to
accomplished this event timing and are
configured as shown in (Figure A-9.

5. PIO Input/Ouput Circuits

The PIO circuit is an interface
device with 16 I/0 pins, divided
into two 8-bit I/0 ports as shown in
Figure A-10. Each I/0 port has two
associated control lines and each port
may be specified separately as an
input port, output port or control port.
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When used as a control port, each of the
8 pins may be individually assigned as
an input or output. Furthermore, port
"A" may be used as a bi-directional

port. While not used in this imple-
mentation, the PIO is capable of pro-
viding significant interrupt handling

capability making the circuit a powerful
parallel interface device.

For ease of use, the PIO's in this
system have been configured in the
control mode (Mode 3). The control
signals are not used in this mode
and every port pin is defined as either
input or output which is easily accom—
plished in PIO initialization.

6. Analog-to-Digital Conversion

Three ADCO804LCN A/D's have been
provided as shown in Figure A-11,
two being used in this system; one A/D
is used to convert the voltage produced
by the bubbler tube pressure transducer
and the other converts the voltage from
the accutube velocity measuring device
via a pressure transducer. The A/D's
are used in the free-running mode and
strobed by one of the memory mapped
outputs.

7. RAM/ROM-Memory Devices

As noted in Figure A-12, both
volatile (RAM) and non-volatile (EPROM,
ROM) memory is provided, and the program
itself is contained in an EPROM capable
of storing 2048 bytes. It is decoded to
reside in the first 2K of memory,
locations OOOOHEX O7FFHEX. The
program is listed in Appendix B.

The RAM is used for stack area and
temporary storage; 1K is available in
hardware but memory space has been left
for an extra 1K of RAM. It is mapped in
the 2K following the EPROM area, 0800HEX
- OFFFH (0800HEX - OBFFHEX in hardware).

8. Switched ROM Devices

Many of the variables contained in
the efficiency equation are peculiar to
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the physical location of the pumping
system and thus need to be altered
according to the site. Adapting the
EPROM to suit each location would be
tedious and thus 8 x 8-bit switched ROMs
in the form of 8 dual-in-line switches
have been provided as in Figure A-13.
Values of relevant site variables can be
initially set up on the switches and the
program reads these as actual memory
locations as if each 8-bit variable
was indeed a memory location in ROM for
example. A change in site requires only
a change in the switch settings, making
EPROM alteration unnecessary. The
switches also serve the dual purpose of
setting up the RTC upon initialization
of this timing device.

The switched ROMs are decoded
according to the scheme discussed
in the memory decoding section. The
74C240 inverting output octal buffer
and line driver with tristate output

devices are so designed to drive
bus-oriented systems. By strobing the G
inputs high, the outputs go into

the high impedance state. With the DIL
switch in the open position the input to
the 74C240 is high and upon inversion
places a low on the data bus for the bus
line corresponding to the particular
switch. By closing the switch, the
current is drawn through the 22K re-
sistor to ground and the 74C240 input
goes low, and again, upon inversion, the
data bus line receives a high.

As noted previously, the switches
allow initialization data to be input to
the real time clock. The RTC must be
set up to the actual time of initializa-
tion so that events can be related to
the real time as it progresses. By
setting one bit aside as a flag bit, it
is possible to write this information to
the RTC via the DIL switches and then
after placing the flag switch in the
reset mode the normal site switch data
can be set on the switches ready for
standard operation (see Figures A-l14 and
A-15).
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9. 7-Segment Display

As noted in the decoding section.
The LED display is also memory mapped.

The 4511 BCD-to-7-segment latch/
decoder/driver is the integrated
circuit used to drive the 7-segment
displays (HP-5082-7740) directly.
The 4 low order bits of the data bus are
used to provide data to the 4511's which
are enabled under program control (see
Figure A-16).

10. RTC-Real Time Clock

The real time clock is available to
give a record of the events with respect
to time; the clock can give readings
resolved to one second. The format 1is
as follows:

MM

YY DD
YEAR  MONTH DAY OF MONTH
HH MM S8

WEEK-DAY HOUR MINUTE SECOND

1 = January etc, 0 = Sunday,
1 = Monday etc.

The set-up is accomplished as explained
earlier in the switched ROM section; the
PIO interface enables data transfer to
and from the RTC. Pull-up resistors of
10K ohms are connected to the data,
address and control pins of the clock
chip.

11. Printer
The ALPHACOM Sprinter 20 (20
columns wide) is used to provide a

more permanent copy of the readings and
a full report can be generated on a once
per day basis or on demand. The lines
from the accutube flow meter are bled
prior to the printed output and the
accutube pressure transducer 1is zeroed
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so that errors are kept to a minimum,
Once an error voltage on the accutube
pressure transducer 1is recorded 1in
memory it is used to adjust the subse-
quent velocity readings until another
print/zero transducer reading is re-
quested. A switch on the processor unit
is used to select once/day readings or a
demand reading. If the switch is left
in the continuous setting the printout
sequence will occur repetitively,
whereas with the once/day setting this
task is performed at a particular
hour each day. The program is written
so that a print/zero sequence 1is
only performed if the pump has been
operating at least 5 minutes so that
any transients have had some time to
settle down.

The print-out sequence is made up
of three sets of bleed, zero, and
normal operations (i.e., accutube
pressure is across velocity pressure
transducer) with velocity data being
taken at the end of the zero and
normal operating times. A print-out is
generated for each of the three sets,
the complete operation taking approxi-
mately 20 minutes. The system is left
in the normal operating mode with the
data being displayed on the LED's but
not printed. The most recent zero
reading is used in subsequent calcul a-
tions.

The printer receives data and

control signals via a PIO interface
device. The report includes the follow-
ing:

Example:

SITE#1 MO 17 JAN 83
TIME 13:39:36
EFFICIENCY (%) 51.5
POWER IN (KW) 69.6
LIFT (FEET) 285
FLOW (CFS) 1.49

SITE#X XX XX XXX XX
TIME XX:XX:XX
EFFICIENCY (%) XX.X
POWER IN (KW) XX.X
LIFT (FEET) XXX
FLOW (CFS) X.XX

An example depicting initialization is
necessary. The RTC is first set up for
an appropriate time; this time is chosen
so that upon momentary depression of the
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RESET button the time as set up on the
DIL switches will be loaded into the RTC
at that very instant. An example time

is: Monday the 17th of January, 1983
and it's 39 minutes past 1l in the
afternoon (i.e., 1339 hours).
YEARS TENS = 8 = 1000 LEAST
YEARS UNITS = 3 = 0011 SIGNIFICANT
MONTHS TENS = 0 = 0000 AT
MONTHS UNITS = 1 = 0001 RIGHT
DAYS TENS = 1 = 000l*
DAYS UNITS = 7 = 0111
WEEKDAY = 1 = 0001
HOURS TENS =1 = 1101%*
HOURS UNITS = 3 = 0011
MINUTES TENS = 3 = 0011
MINUTES UNITS = 9 = 1001
FLAG BIT SET = 1XXX X=DON'T CARES

*The third L.S.B. set on days tens would
signify 29 days in February while a
reset bit means 28 days. Thus a leap
year would have days tens as 010l.
Likewise with the hours tens; the third
L.S.B. set means that we are using a 24
hour format, and reset 12 hour format.
A set fourth bit in hours tens signifies
p.m. and reset a.m.

Using the same time group map as
was given in the switched ROM section
and repeated again below we can set up
the initialization time for the RTC as
in Figure A-18.

Once the RESET button has been
momentarily depressed. The real time
has been loaded in for RTC initializa-
tion, and it is now possible to set
up the switches to hold the site vari-
ables. We can choose some appro-
priate site variables:

LIFT PRESSURE TRANSDUCER FULL SCALE

(PSI)
= 100 = 01100100
DISTANCE H (IN TENTHS OF FEET)
= 2325 = 100100010101
KH KWH METER FACTOR (IN TENTHS)
= 1152 = 10010000000
AREA OF PIPE (IN THOUSANDTHS OF SQ.
FEET)
= 369 = 00101110001

TIME OF DAY TO PRINT/ZERO (24 HR.

FORMAT)
= 13 = 01101

VELOCITY PRESS.TRANS.F.S.(HUNDREDTHS OF
INCH)

= 2000 = 011111010000
SITE IDENTIFICATION NUMBER

= 1 = 001
FLAG BIT MUST BE RESET
= 0= 0

Load onto switches using Figure A-19.

The above memory mapped locations
will be treated as site variables be-
cause the flag bit (bottom right hand
corner) is not set. It is a good
idea to reset this bit a few seconds
after depressing the RESET button
momentarily when setting up the RTC
initialization data, and then set up
the switches for the site variables.
This ensures that the switches will
not be read as RTC data when the pro-
gram flow loops back to test this bit.
Once the site variables have been loaded
with the flag bit previously reset then
the complete initialization task 1is
finished.

12. Compressor Unit

The air compressor unit is powered
by a separate power supply (Figure A-20)
and is controlled by a pressure switch
mounted on the air tank. As long as the
power is on, this system will maintain
the pressure set by the pressure switch
(approximately 45 psi maximum).
This air pressure is used to feed the
bubbler tank to provide data on the
ef fective lift over which the pump
operates.

13. Data Gathering and Control Circuits

The data gathering and control
electronics consist of control circuits
to establish the various measurement
conditions and transducers to convert
these conditions to electronic signals.
The circuitry required to accomplish
these measurements 1s shown in Figure
A-21. The solenoid valves are connected
as shown in Figure A-22,
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Figure A-18b. Example switch settings for RTC.
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| I 0 o) | I 0 0

I I 0 o I I I 0

o) I I I 0 o I O] MOST siG. BIT

Figure A-19. Example switch settings for site variables in the
switched ROMS.
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— e +15
HOT eo—te

GND o . ll " 805 -2 +5V
+_ | 250
NEUT e—e] — _T#F

To Relays

Pressure Switch: set foronat 30 p.s.i.,
/X\ off at 45 p.s.i.
A4
+ | 8000

HKF  |AIRPUMP
T |

[ d

To Solenoids

Figure A-20. Power supply for compressor unit.
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Norma

Hy No.2 Relay
Open /
n

HIGH —-

Screenb 2

5
No.! Relay /

normally

open

(close to protect
during bleed)

™

Screen )

TRANS
-DUCER
(vel.)

3
Normally
Closed

\ N
Relay No. 3

normally closed

4
J

LOW —

—

Relay No. | (Solenoid Valves 5 and 6 ) - Protection
Relay No. 2 (Solenoid Valves 2 and 3) - Zero Reading
Relay No.3 (Solenoid Valves land 4) - Bleed

Figure A-21. Diagram of solenoid valves and relay controls.
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CANNON BENDIX Bleed Relays

PIO 3 Orange 1,4 Blue
Yellow/Black E o}
PIO7 Red 2,3 Purple
Red —{H G
6.
PIO 2 Black 5,6 Yellow
Brown J A
GND Green Black/White
Green F F I
LP Yellow Green
Orange B B
ACC White Yellow
Yeliow C H
T +15
Accutube Solenoids
Out |pressure 5 6
(velocity)
2
! Protect 3
| 4
Zero —
T +15
—— Bleed
Pressure
(DP)
Neutral

Figure A-22. Compressor unit connector, solenoid, relay, and transducer connections.



The solenoids operate in pairs with
1l and 4, 2 and 3, 5 and 6 tied together.
As noted in Figure A-21, solenoid valves
2, 5, and 6 are normally open and 1, 3,
and 4 are normally closed. The function
of each pair of valves is described
below:

Valve Function

Numbers

1 and 4 Air bleed to purge the system

2 and 3 Establish conditions to
obtain a zero reading

5 and 6 Protection of the sensitive

pressure transducer

The operation of these is normally
controlled by the computer program. The
manual controls for initial setup should
be used with caution. The protection
solenoids (5 and 6) should always be
actuated (by pressing the white button)
before actuating the bleed valves
(pressing the small red button). The
zero solenoids (black button) would be
actuated whenever a zero reading is
desired. The program controls the
valves as shown in the timing diagram
(Figure A-23).

A readout cycle, initiated by the
computer program, begins by closing the
protection solenoid valves. Two seconds

60

later the air bleed valves are opened
and remain open for approximately 17
seconds. At the end of the air bleed
period solenoid valves 1, 4, 5, and 6
are all de-energized and valves 2 and 3
are energized. Solenoid valve 3, when
energized, provides a shunt path around
the transducer so that no differential
pressure can exist across the trans-
ducer. Solenoid valve 2, when en-
ergized, closes off any flow so that
the zero reading is not affected by any
dynamic water movements. This zero
reading is taken just prior to the data
reading so that any drifts due to
temperature or supply voltage can be
subtracted out of the data reading.

The control signals from the
computer are passed through '"or'" gates
which permit manual operation of each
pair of solenoid valves as shown in

Figure A-22,

Because of the large range of the
"line pressure" transducer and the
resulting low volts/psi output, it 1is
not necessary to zero this unit.

The outputs from the two trans-
ducers are fed back to the computer
unit where they are smoothed by the
circuit shown in Figure A-24 and then
used in the final efficiency calcula-
tion.
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Protection
Solenoids
5and 6

Air-bleed
Solenoids
| and 4

Zero
Solenoids
2and 3

Figure A-23.

Actuated

Not -actuated

( 2—seconds\'

y——
2-min. to

Actuated

Not -actuated

Start of
New Cycle

I

2-minutes | 2-minutes | 24 -hr. wait

17-seconds

Actuated

Not - actuated

.
!

State prior to
read out cycle

Solenoid valve timing diagram.

I
I
I
I
I
I
2-seconds I
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I
|
I
]
|
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Zero data read Flow data read
into computer into computer
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nall
I
IOK 12 K
— N \N\— MV
12 K
- YV I0K
From Velocity Y .
pressure
transducer .
(Cannon-C) TLOS82 -
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2
(+]_
7660 :r
- | 7 2
IOF ==
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Figure A-24,
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board
+5V

to Lift
microprocessor
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IO uF

Smoothing circuitry for (a) velocity and (b) line pressure.



Appendix B

Program Listing for the Automatic Pump
Efficiency Monitor as Stored EPROM

L2120

. PHASE O

H FHEREE R EEEE RS R REEFHER LR TR R RS R RS EH LS LR LB H T’
: *THE PROGRAM COMFUTES THE EFFICIENCY OF AN IRRIGATION =
; #PUMPING SYSTEM.  THE EQUATION USED IS AS FOLLOWS: *
; ® #®
: # EFFICIENCY (IN %) = (PIOWER OUT/POWER IN) X 100 *
. * +
; £ =0, 024LVAC(H + V" 2/448, 35 + 2 304(DELTA P)) X 100 #*
H * #
; ¥DIVILED BY (METER FACTOR KH/TIME FOR DISK REVOLUTION) =
- * ¥
: # WHERE ¥ = VELOCITY OF WATER IN FIPE (FEET/SED *
H * A = CROSS-SECTIONAL AREA OF PIPE (50, FEET) %
; # H = DISTANCE FROM PIPE AXIS TO BOTTOM OF *
; * BUREL_ER TUEE (FEET) #
; # (DELTA P) = PRESSURE DIFFERENCE EETWEEN LINE PRESS. #
5 ® AND BUBRLER PRESSURE (LES. /56, INCH) #
; # THE METER FACTOR AND DISH REVOLUTION INFORMATION *
: * RELATE TO THE KILOWATT-HOUR METER WHICH IS5 USED AS A ®
3 # MEAZURE OF THE ELECTRICAL POWER BEING PUT INTQ THE  #
: * SYSTEM. #
y FRERER RS RER SRR LR R R R RS R R RER LR LSRR RS LR ER
;

H F RN B R EESEE LR E LR EEEN

; *EQUATES FOR THE PROGRAM:

H L2222 22 22 -2 2 2 2 X r ok L

;

KTIM EGU 082AH

TEMPL  EQU ORCH

FOWIN  EQU ORZEH

DELTAP E0m)

PVEL EGi

LIFTT EQt

EQU
EcHt OECH
Edi 0g48H
et OZaAH
Eau 024CH
EQl O24EH
ol O24FH
e Z100H
E oLl ZO00H
EGL ZRO0H
ELd Z100H
=L ZEO0H
VEL EoL 1COO0H
VEL.M ECd 1TOOH
PIFFAM EGL 1EQOH
PIFFAL 1FOOH
FRITIM 1EOOH

63



SLEMLM
RTCRLG
MONMIN
RAMELE
RAMNUM
RAMCNT
LINENT

N ME R NE MB R wa R

FILL:

NULL:

NN OME NGB MR MR ME NE NE MR ea ww R

«

~e e

YIRS

“n we

[ TR
1000
LM

L 2 Ty R a A a s T Ty YT
#THE PROGRAM COMMENCES WITH A ZEROING OF THE INITIAL #®
#2546 RBYTESZ OF RAM AND ALSO THE 12 LED DIZRLAYS. #®
T Ly Y 2

Lo A, 0 $ TERO ACCUMLLATOR

(R Hi_, O200H FRAMETART— STARTING AUDRESS FOR FILL
LIt B, 0 FFILL 256 EBYTEZ WITH ZEROES

Lo (HL)Y . A FETORE BYTE

INC HL # INCREMENT POINTER

[NZ FILL SCONTINUE IF B NOT ZERD

LI B, Q s ZERO I REGISTER

LI HL, 10004 fENTER LED STARTING AODRESS

LD (HL)Y- B FZERC LED

INC H FPOINT TO NEXT LEDN ADDRIESS

LD A, 1CH fHAVE WE ZERCED ALL LEDS?

cp H

JF NZ,NULL NGO, S0 GO RACK

Lo A0 FZERC ACCLUIMULATOR

LD (FRIFLG). A fSET PRINT FLAG FOR INITIATICON

Y g AR T e ey e T X X
#5ET THE STACK POINTER AND SET UP THE COUNTER TIMER CCT
#AS WELL AS THE FARALLEL INPUT/QUTPUT CIRCUITE. *
Y R R Y Y I T2 x

LI SP, 022Z9H sZET STACK POQINTER TO YIELDY 42 RYTES OF

Lo A, OCFH SSET UP PIOL1 CHANNEL A WITH ALL INPUTS,

T (OAH), A fTHIS PIO RECEIVES AN INPUT FROM THE

Lo A: OFFH tPRESZURE (DELTA P) ANALOG TO DIGITAL

QT (OAH) : A F CONVERTER.

Lo A, OCFH $SET WP FICOL CHANNEL BE3RITS O AND 1 ARE INPUTS,
T (OBH), A $O=KWH METER SWITCH. 1=ZERQ/PRINT FLAG,

LI A3 $TO 7 ARE OUTPUTS WITH Z=#54% SOLENCID,

QT (OEH), A sSOLENCQID, 4, S, £=RTC CONTRUOL, 7=#2Z32% =SCOLENITID.
(] A, OCFH FSET WP PIOZ CHANNEL B FOR ALL INPUTS

auT (OFH), A sTHIE FID 13 UsED FOR THE VELOCITY A/D

LI As OFFH

oy COFHDY - £

Lo A OCFH fSET WP PIGZ CHANNEL A FOR ALL QUTPUTS.

T (1ZH) . A sRITS O TO A ARE PRINTER LDATA AND RIT 7 I

LI [APNe) 1 THE DATA STRORE.

QT (12H) . A
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(W fy OCFH TEET OUR RIOZ CHANNEL B WITH RITS O T 2 A%
by (1Z2H) - A FOLTFUTZ — RTC ADDRESS: AND BITS 4 TO 7 A%
LI A OFOH FINFUTS - RTC DATA
cr C1Z2H) . A
Lo A SEH FCOUNTER TIMER CIRCUIT CTCI CHANNEL Z COUNTS
aur €2 A PEECONDE WITH THE DOWN COUNTER SET AT 100 DNEC,
Lo A: &£4H
o (21,0
Lo A, SEH FCTC1 CHANNEL 1 COUNTS ONE HUNDRELOVHES OF
QT 1) A POECONDS WITH THE DOWN COUNTER SET AT 100 DEC,
Lo A, L4H FCHANNEL © OF THIZ CTC1 IS SET PRICR TOQ THE
auy (1). A FACTUAL TIMING OF THE KWH EVENT.
s B L T R T R o
H *THE MAIN FROGRAM INVOLVES A SERIES OF SUR-ROLUTINE *
H #CALLS, #
H 2y R Y R g Ry Ty R X )
CALL LORTC SSET UP REAL TIME CLOCK IF FLAGGED
START:  CALL RETN PWAIT FOR KWH METER TO GO LOW
CALL TESTHE fREAD POWER-IN INFORMATION IN
cALL PRESS sORTAIN DELTA P INFORMATION
CALL VELQC) sMEAZURE VELOCITY OF WATER
CALL LIFT FCALCLLATE LIFT
CALL FLOW sCALCULATE FLOW USING VELOCITY AND AREA
CALL nrsF sDISPLAY EFFICIENCY, FOWER IN, LIFT, FLOW ON LEDS
CALL LERFPRI sO0 WE WISH TO ZERO/PRINTY
P START ;G0 ARDUND AGAIN

2y Y I T X
#THE FOLLOWING ROUTINE TESTS THE STATUS OF THE KWH
#SWITCH INFUT TG SEE IF IT HAS BEEN FLAGGED HIGH. IF
*+IT HAZ, THEN A TIMER (CTC1) IS STARTED TO TIME EIGHT
#REVOLUTIONS OF THE METER DISK,

* A 100 SECOND TIME-COUT IS ALZ0 USEDR TO
#PREVENT AN OVERFLOW:  THE TIMING IS ARORTED IN THIS
*CASE AND WOLLLD PROBAEBLY INLDICATE THAT THE PUMP IS NOT
#IN OPERATION. THE “FOWER-IN* PART OF THE EFFICIENCY
#EGUATION I3 COMPUTED A (2L AKH/TIME) AND IS STORED IN #
#*RAM AZ 100 TIMEZ THE ACTUAL VALUE IN LOCATION “POWIN® #
336 36 43 30 3B 3 4R 3T 0 33536 36 36 B B B R H R BB B B R A I IR B R R R R A 33

* ok o ok Kok %k ok

R M e 4w wm cew

TESTH: LD Hi» OFFFFH JLOAD OUTER LOGOF FOR 100 SECOND TIME-OUT
LPX1: DEC HL FDECREMENT QUTER LOOF

Ll B, OFFH FLOALN INNER LOCF
LPXZ: Qe & FDECREMENT INNER LR

AF NZ, LPXZ fFINISHED INNER LOGP?

IN A, () IS KWH SWITCH HIGHY

EBIT 0. A TTEST RB1T O = KEWH SWITCH INPUT

P NZ.EXZERD PIT% RIGH . =0 SERVICE
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LPLas

EXZERD:

LFX7:

LPX=:

LFPX%:

FFIN:

Xi.-

o

I
LR
AP
48]
BT
AP
CaLL
AL
=
()
AT
Lo
T

Lo
IN
LI
LI
LEC
LI
LDEC
P

BIT

P

auT
Lo
N
Lo
IN
CALL
Lo

ZRL

Lh
Lo
CALL
CAl
[y
calL
Lo
RET

[&S
i
M7 (M
|
NZ,LLFX1
A ()
O A
Z,LPX3
FIYMIN
RETN
TESTHK
A, 3EH
Q). A
A. L0H
(O A
A, (2
. A

A (1)
E.-A

HL, OFFFFH
HL

E, OFFH
E

NZ, LPX&
A ()
0. A

Z, KFIN
A

H
NZ.LPX7
L

NZ, LFX7
A2
(0): A
A, (7)
0, A
NZ,LPX9
FIVMIN
RETN

TESTK

AI:.:

(0), A

c, 2

B, (C)

1

C, ()
TIMER
(KTIM), OE
A, (KHFACM)
A

A

[A]

A

A

[, A

A (EHFACL)
E.’A

G 70R0H
MUL.1 &
REFCIRM

DE, (KTIM)
ODIvia
(FPOWINY . HL
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TULERR ACLUMULATOR
PEINISHED MEBRYTE
TIFONOT THEN GO BACK

fPFINIZHED LEEYTE YET

fIF NOT THEN GO RACK

P10 ZECONDE UP 20 WATIT TILL HIGH THEN S
FWALT =0 FLUMP HAS TIME TO STAREILISE

FEEADY FOR COmbabk 50N
INT YET

MIN

FWARIT THE FIVE MINUTES

FALSD WAIT LUNTIL KWH INPUT I35 LOW

fREADY FOR ANOTHER KWH TIMING EVENT

FYEZY, INITIALISE CHANNEL O OF CTC1 FOR AN
FOUTPUT FREQLUENCY OF 100HZ

FDOWN COUNTER LOAD OF 74 DECIMAL

PREADY CHANNEL 2 AND STORE IN THE ' REGIZTER
;O CONTAINS START TIME - SECONDE

sREADN CHANNEL 1 AND' STORE IN THE E REGIZTER
FE CONTAINE START TIME ~ 1/100 THZ OF SECS
FINITIATE 100 SECOND TIMEQUT FOR FWH
fDECREMENT OUTER LOOP

sLOAD INNER LOOF

fDECREMENT INNER LOOP

fINNER COUNT ARCUT 1.5 MILLISECONDS

FLOCK. AT THE KWH SWITOH INPUT AGAIN

sIF LOW, NEED TO STOP THE CTC TIMER

s CLEAR ACCLMLATOR

FOUTER LOCP FINISHED?

FNO, S0 GO BACK TO LPX7 LOOP
sFINISHED LSEYTE CQUTER LOOP YET?

FNC, S0 G0 BACK

FYES! 100 SECS UP S0 TURN OFF CHANNEL

sLOGKE AT THE KWH INPUT AGAIN

$IF STILL HIGH (PUMP OFF) THEN KEEF LOOPING
FRUMFP GOING AGAIN S0 WAIT S MINT TO STARILISE
sWE NEED TO ENTER THE TESTE ROUTINE WHEN THE
SINPLT SIGNAL 15 LOW 30 AS TO BE ABLE Ta ZTART
sTHE EWH TIMER AT THE EBEGINNING OF THE CYCLE.
FEWITOH LOW =0 A TO RECORD START PROPERLY.
;VALID KWH READING SO TURN CHANNEL O OFF.

FETORE STOP SECONDS IN REGISTER B

$ETORE STOP 17100 TH*Z OF ZECS IN REGIZTER C
FELAFZED TIME IS TIME FOR 3 REVE OF KWH DISk

s COMPUTE ELAFSED TIME IN 1/100 TH*S OF ZECONDS
$SAVE ELAFPZED TIME IN RAM - LOCATION KTIM

PGET 10#KH FACTOR(MSRYTE) OFF SWITCHED ROMMES
FRIGHT JETIFY TO CORTAIN CORRECT RITS

s TRANSFER MSRYTE TO I REGISTER

SGET 10xkH FACTOR(LIEYTE) OFF SWITCHED
s TRANSFER LSBYTE TG E REGISTER

PLOAD BCOWITH 22200 DECIMAL

FMULTIPLY — RESULTE IN IHE,H, L REGIZTERS
PFORMAT FOR DIVIDE

$LOAD DENCMINATOR WITH ELAPSELD TIME

sOOIVIDE (10%KH) #ZE200 BY (100#KTIME)-REFULT HL
FETORE 100#KW IN RAM = FOWER IN

ROM™ =



A 4E en e 43 er uE aw cam e

an e

T e

N
0

MR MR ME NE MR NE 4B ua few Nw em e

Pl LTI

b=
[

e L R o L Y ey X Y I
#THE FOLLOWING ROUTINE READS THE PRESSURE TRANZDUICER #*
#VIA AN A/DN — THE FREZSURE IS THE DELTA P A% FOUND IN #
¥THE LIFT EGUATION:  THIZ DELTA F IS MULTIPLIED BY Z, Zi#
#AND THE STORED RESULT IN “LELTAP® IS5 10O%(DELTA F) WITH#
*DELTA & IN UNITS OF FEET. #
L e T Xy I T R T Xy S 2 Ty

CALL STROEE FETROBE A/DS PREPARATORY FOR CONVERZION
Lo HL. PREZER $LOAD IN PRESZURE RANGE ADDRESE

Li &, (HL) GET PRESSURE RANGE OFF SWITCHEDN ROM™S
IN [APRECH] sGET A/D DATA (DELTA P AS Z-RIT WIRD) -
calL MULZ FANSWER = (FPRANGE+#LIELTA F) IN HL PAIR

EX OE, HL FEHIFT INTO DE PAIR

Lo EBC, 2EEH FMULTIPLICAND IZ 1000 DECIMAL

CALL MUL14& SMULTIPLY - RESULT IN DL E.H.L

CALL REFORM

LI DE, ZESIH sDIVIDE BY 11101 DECIMAL

CAL.L DIVia sDIVIDE To GET 10#(DELTA F) IN FEET IN HL FAIR
Lo (DELTAP), HL JSTORE THE 10#(DELTA P) RESULT IN RAM
RET

e Y A X A e s
*THIS ROUTINE ZEROS THE VELOCITY PRESSZURE TRANSDUICER #
#AND SURSEGUENTLY READRS IT VIA AN A/L0O, CALCULATES  THE#*
#VELOCITY SOUARED  LUSING V=1, 342%x (ZORT (PRESSURE)). *
#*RESULT IN FVEL AND PVEL+Z IS 1, 000, 000%VEL SGUAREIL *
#THE VELOCITY READING IS MODIFIED BY THE ZERO READING, #
#1,E. READING 1% SURTRACTED FROM THE ACTUAL A/D READING#
T S X Y e

Lo A4 $SET RBIT Z OF ACCUMULATOR

T (7):A SRIGNAL TO #5464 SOLENCID- PROTECTION

CALL RIGONT JWAIT APPROX. Z SECONDS

LI A: OCH SSET RITE 2 AND 2 OF ACCUMUILATOR

auT (9):A TLEAVE #54%# ON AND TURN ON #14#% SOLENCID-ELEED
CALL CNTL7 SWALIT 17 ZECONDS

Lo A, S4H sLEAVE #%54&% ON AND TURN ON #2232+ SOLENCGID-ZERCQ
auT {(9),A TAND TURN OFF +14# SOLENCID (BLEED FINISHEL).
CALL BIGCNT SWAIT APPROX, Z SECONDS

Lo As S0OH TLEAVE #273+% (ZERD SOLENCIDD ON AND TURN OFF
QL (9, A sS4 PROTECTION 0L, READY FOR ZERO READING
CALL CNTL7 SWAIT TWO MINUTES

CALL CNTLT

CALLL TNTL?

CALL CNT17

CAlLL CNT17

CALL CNTL17

CAlL.L CNTYZ

sl STROBE FATRORE A/D’E
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IN A LOLHD PREAD VELODCITY TRANSDUCER WHILE ZERUEL

LD (VELZERY, A PETORE IN RAM FOR FUTLRE LISE
Lo R0 FRESET ®54% SOLENCID

oauT (7)), A s TURN OFF ALL SOLENCGIDE

CALL CNTL7 FWAIT TWO MINUTES

AL CNT17

CALL CNT17
cAaLL CNT17
CALL CNT17
CALL CNT17
CALL CNT17

CALL STRORE sSTRORE A/IVE

Lo A, (VEL) sLOAD IN VELOCITY RANGE MSEYTE OFF SWITCHED ROM
AND OFH $MASK FOR PERTINENT RITS

Lo & A FPUT MSEBYTE IN R

Lo HL. VELM fGET LERYTE VELQCITY RANGE ALDRESS

Lo 2y (HL) sLOAD LSEYTE IN C

LI A, {(VELZER) sGET ZERG VELOCITY PRESSURE READING

LD E-A $ETORE IN E REGIZTER

IN A, (O0H) PGET A/ DRTA (VELOCITY PREZSURE A/DD

SUE E SACC, HOLDE ACTUAL READING MINUS ZERD READINCG
Lo E,A sLOADN INTO E REGIZSTER

Lo L. 0 s ZERCO [ READY FOR MULTIFLY

CALL MUL1& SRESULT IN ILE-H-L

CALL REFIRM

LI [E. 100H sDIVIDE BY 254 LDECIMAL

CALL LIvViA SRESLILT IN HL PAIR 15 100+FPRESSLIRE(VEL)

EX DE. HL sPUT RESULT INTO OE

LD RC, SO9YEH SMULTIPLY RY Z2Y4AR DECIMAL

CALL MUL 14 FREZULT IN DVEsH,L IS 1, 000, QOOXVEL SQUARELD
Lo A E FETORE MESWORDY IN PVEL. FIRST SWITCH O AND E
LI E. D

LIt 0, A

LI (PVEL), IEE

LI AL SSTORE LSWORD IN PVEL+Z, SWITCH H AND L FIRST.
Lo L-H

LI H, A

LD (PVEL+2), HL.

RET

e Sy Y Iy s A A I T TR T L
#THIZ ROUTINE READS THE VELOCITY TRANSDUWCER VIA AN A/, #
#CALCULATING THE VELOCITY SOUARED USING *®
* V=1, 542 (SORT (PRESSLURE)). #*
#RESULT IN PVEL AND PVEL+Z IS 1, 000, 000%VEL SGUARELD. *
B3 I 863 B 0 R 53 B A B B B B3R B 35 B B B R B A B S R S S R I e i

& e NA MR Mw SR MR en MBS NE N wR Ne e we w

ELO1e LD A QO JRESET ALL RITS OF ACCUMULATOR
oy ), A FSIGNAL TO DE-ENERGIZE SOLENCIDS
CALL STRORE FETROBE A/ E
Lo A: (VEL) FLOAD IN VELOCITY RANGE MSRYTE OFF SWITCHED ROM
AND OFH FsMASK FOR PERTINENT RITS
Lo B A sPLIT MSEYTE IN B
Lo HL, VELLM fGET LSRBYTE VELOCITY RANGE ADDRESE
Lo Cs (HL) FLOAD LSRYTE IN O
Lo A (VELZER) sGET ZERO VELQCITY FRESSURE READING
Lo E: A fETORE IN E REGISTER
IN A, (ODH) $GET A/D DATA (VELOCITY PRESSURE A/LDN
S E PACD, HOLDE ACTUAL READING MINUS ZERC READING
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AW M CEN eB 4R 4R NE MR R MR es

..

an vy MR

™
—
ﬂ
-
.

am eR b en N e caw

TR

RO TI

LIt L 3 PLOAL INTO B REGLETER

LI Lo CIERC O READY FOR MULTIFLY

CAaLL MUL14 SRESULLT TN D E-Hs L

CALL REFCRM

Lo LE: 100H sDIVIDE RY Z5& DECIMAL

CALL [ivia FREZILT IN HL PARIR IS 100#PRESZURE (VEL)

EX DE, HL sRPUT RESULT INTO DE

Lo B, SOoVEH FMULTIFLY BY Z3%63 DECIMAL

CALL MUL L& FRESULT IN Db E,Hs L IS 1, 000, 000#VEL SGUARED
Lo Ay E FETORE MSWORD IN PVEL. FIREST SWITCH I+ ANO
Lo E, I

LD o, A

Lo (FVEL), DE

Lo AL FETORE LSWORD IN PVEL+Z, SWITCH H AND L FIRST.
Lo LsH

Lo Hs A

Lo (FVEL+2) ., HL

RET

Bt R R R R R R R B R R R R H R R I 0 e e S S S R B R B
*THE LIFT IS CALCULATED HERE AT PER THE EGUATION ERELOW: %
#THIS ROUTINE FOLLOWS THE VELOCITY ROUTINE IN THAT THE #
*#0, E- H, L REGISTERS CONTAIN THE VELOCITY SGOUARED RESUL TS

#AT THE END OF THAT ROLUTINE AND THE V~Z/44.35 TERM IN #
#THE LIFT EGLDATION CAN REAQDILY UTILISE THE VELOZITY IN 3
#IT"S SOUARED FORM. #*
* *
# LIFT = (HEIGHT + V*2/44. 325 + Z. 21 (DELTA P)) #*

3630 3030 45 30 0 30 30 3030 30 30 36 36 30 30 36 0 40 40 90 30 30 20 36 36 30 46 3 36 36 30 36 36 30 e 30 300 30 40 30 036 36 6 3 J 30 F 3 B4

CALL REFCORM SFORMAT I E. Hy L FROM VEL ROUTINE READY FOR DIV,

LD DE, 1923H sDIVIDE RY 6435 DECIMAL

cAaLL LDIViea SRESULT IS 10000%(V"2Z/64, 25)

LI DE, ¢ s ZERO DE READYY FOR ANCOTHER DIVIDE

CALL REFCORM

Lo DE. ZECGH sDIVISOR IS 1000 DECIMAL

CALL nivias FRESILT IN HL IS 10#(VrZ/44, 35)

LD DE, (DELTAF) fGET 10#(DELTA P) PRESSURE RESULT FROM RAM

AL HL, DE sHL = 10#(V"2/464. 35 + 2Z, 21#(DELTA P))

Lo Ay {HIGHT1) sGET MSERYTE HEIGHT.H OFF SWITCHED ROMSS

AN 1FH sMASK S LOWER RITS

Lo oA sPAZE TO It REGIZTER

Lo A, (HIGHTZ) sGET LSRBYTE OF HEIGHT,.H FROM SWITCHED ROM™S

Lo E.A

ADD HL, [IE sHL HAS 10%(H + V*Z/64, 35 + 2, Z1#(DELTA F)
FWHICH EGQUALS 10xLIFT

Lo (LIFTT), HL $STORE 10%LIFT IN RAM LOCATION “LIFTT™

RET

L2 2333 28 2 2 X332 AT Ty L e
#THE FLOW IS CALCULATED FROM THE VELOQCITY LBSING THE #
#SIMPLE EQUATION FLOW =(VELOCITY)# (CROSS-ZECTIONAL AREA#
*0OF THE PIFE). INITIALLY THE VELOCITY I3 FOUND BY TAK-#
#ING THE Z0UARE ROCGT OF 1, 000, 000#V"Z RY AN ITERATIVE «
#+INCREMENTAL METHODL, ONCE THE FLOW IS FOUND THE WAY IS #
#OFEN TO CALCULATE THE EFFICIENCY RY THE EGUATION: #*
™ #
* EFFICIENCY = ®
* *

(O, O28L:FLOW#LIFT/ (FOWER IN))#100%
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FLOW:
SAME:

VERK:

aF ME AR N NE AR NE NE e e N8 NE NS Nl

#IHE RESUILT IS LEFT 1IN THE HL KRG AR TOsERETLTENUY 1N s
e R R T Ry Lt e S S A R 2 R L L XSRS A

Lo [E, O PETART SRJARE ROGT AT O

PUTZH DE sMAKE COPY ON STACK

FUSH LE fMAKE ANOTHER COPY

FOF RC s TRANSFER DE TO BC VIA STACK

CALL MUL1& sFIND SHUARE OF NUMBER — DEHL = DE®BC

LI A E sNEXT THREE INSTRUCTIONT EXCHANGE [0 AND E REGES
Lo - B D

L.[‘ Els A ‘

Lo (PVELD), E $SAVE MEWORD IN RAM LOCATION PVELD

LD AL FNEXT THREE INSTRUCTIONTS EXCHANGE H AND L REGHZ
LD L+H

Lo H-A

Lo (PVELD+Z) . HL FSAVE LSWORD IN RAM LOCATION FVELD+Z

Lo DE, FVEL FGET ADDREZS OF 1, OO0, 000V 2 — MIRYTE

Ln HL, FVELD sGET ADDRESS OF TRIAL SEJARED NUMRER - MSERYTE
LD . 4 FNUMEER OF RYTES FOR MULTIPLE BYTE SURTRACT
CALL MULSUR FEURTRACT IN MULTIPLE BYTE FAZHON

JP , IVERR FCHECK 7O SEE IF RESULT IS MORE THAN SOURCE
FOP DE $IF NO THEN GET THE OLIY SGUARE ROOT RACK

INC LE SOLD VALLIE IS INCREMENTED FOR NEXT RLUN

P SAME ;s BACK AGAIN FOR ANCTHER RUN

FOpF OE FYES, WEVE GONE TOO FAR =0 GET OLD SERT BACK
DEC LDE $OLD VALUE MINUE ONE IS 1000#(SOUARE ROCOT(V"Z))
Lh Ar (FIFFAM) ;LOAD MSRYTE OF PIFPE FACTOR

AN 7 iMASK FOR LOWER 2 RITS

Lo E. A

Lo A, (FIPFAL) $LOAD LSERYTE OF PIFE FACTOR = 1000#ACTUAL VALUE
LI C:A

CALL MUL1é& sRESULT IN DEHL IS 1, 000, 000%FLOW

CaLL REFORM

LD DE, ZESH sDIVISOR IS 1000 DECIMAL

CALL nivis PRESULT IN HL IS 1000xF|0W

EX DE, HL sPUT IN DE

LI (FLCWW) » DE FSTORE 1000#FLOW IN RAM LOCATION “FLOWW™

Lo RC, (LIFTT) $GET 10#LIFT - MULTIPLIER

CALL MUL1A FRESULT I5 10, QOO#FLOWSLIFT IN DEHL

CALL REFCORM

LI LE, (POWIN) sGET 100#POWER IN

CAl_L Oivia FRESULT IN HL PAIR IS 100#(FLOW*LIFT/EW)

EX DE, HL sPUT IN DE

LI EBC, 24EH FMULTIPLIER IS 244 DECIMAL

CALL MUL1& SRESULT IN DEHL IS 10, O00O#EFFICIENCY

CALL REFCRM

Lo IE, ZESH sDIVIDE RY 1000 DECIMAL

CALL Oivia FRESULT IN HL PAIR IS 10xEFFICIENCY

RET

*#%**%%*{'****&**ﬁﬁ*{-ﬁ-**#*{‘*{-*%**Q***%*{'{'*%%'ﬁ%é*****{-t’r***
#THIS ROUTINE CTONVERTS THE EFFICIENCY.  POWER IN.  LIFT#
#AND FLOW RESULTE INTO A ERCD FORMAT AND DISPLAYES THE *
#ZAME ON THE LELDvE: THE BCD RESULTS ARE ALSO STORED IN %
#RAM T AWAIT PRINTING. NOTE THAT THIS ROUTINE I% To *
#FOLLOW THE FLOW ROUTINE AS THE EFFICIENCY RESLLT I3 #
#FASZED TO THIS ROUTINE VIA THE HL REGIZTER. *
R R 2 T g L R 2 X R 2 I e
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PR

DIsP:

MR an e e A we

£} e wn e wm vx e we

Lo
Lo
calL
EXX
Lo
EXX
Lo
Lo
CALL
Lo
Lo
CALL
EXX
Lo
EXX
Lo
Lo
calL
Lo
Lo
CALL
EXX
Lo
EXX
Lo
Lo
CALL
Lo
Lo
CALL
RET

I1X: RAMPT
1Y, 1200H
RCOCON

B, (POWIN)

HL, O

DE, OAH
oIvVie

IX: RAMFT+3
1Y, 1500H
ECOCON

BC, (LIFTT)

HL, O

[E, OAH
DIViA

IX, RAMPT+&4
1Y, 1200H
ECOCON

BC, (FLOWW)

HL» O

DE, OAH
DIVia

I1X: RAMFT+%
1Y, 1ROOH
ECDCON

sLOAD IN RAM BCO BLOCK START

sLOAD IN EFFICIENCY LED ADDRESZ — MENIEGLE
FCONVERT TO RCDO AND DISPLAY THE RESULT
SERING 100#POWER IN INTO R‘CY READY FOR DIVIDE
s ZERO MEWORD REALY FOR DIVIDE

sDIVIGEOR IS 10 DECIMAL

sHL PAIR CONTAINS 10#POWER IN

sRAM BCDD LOCATION

$ADDKESS OF POWER IN MS LED LOCATION

PDISFLAY POWER IN AND STORE THE RESULT IN RAM

sGET 10#LIFT RESULTSE AND LOAD IN R’C’

sDIVIDE BY 10 DECIMAL TO GET ACTUAL LIFT

sRAM RCD LOCATION
SADDRESS OF LIFT MZ LED LOCATION
sODISPLAY AND STORE THE LIFT RESULT

$GET THE 1000%FLOW RESULTS

$AGAIN DIVIDE BY 10 DECIMAL TO GET 100xFLOW
{RAM BCDY LOCATION

FADDRESS OF FLOW M5 LED LOZATION

sDISPLAY AND STORE THE FLOW RESULTS

Y Yy T S e Ty I E I T T TS
#THIS ROUTINE CHANNELE
FROM THE REAL TIME CLOCK THIS PRINT RLOCK WILL#
TG THE PRINTER =0t AS TO ORTAIN A PERMANENT #*

#COMMAND

*EE

#COPY OF
*WELL AS

CALL
Lo
ERL
SRL
SRL
SRL
RES
ADD
Lo
LI
Lo
LD
CALL
AL
Lo
INC
UEC

EFFICIENCY,

INFORMATION TO

FOWER IN,

A PRINT RLOCK. ON=

LIFT, AND FLGOW A% *

SITE NUMBER AND REAL TIME CLOCK INFORMATION, 3
L 2 e Y Sy e

ELOCK

Ay {SITNLM)
A

A

A

a

S A

A, Z0H

Hi_, RAMELEK+S
(HL), A

HL, RAMEBLE+11H
B, OCH
REDCLE

A, 20OH

(HLL), A

HL

=

71

sCOPY ROM PRINT BLOCEKE TO RAM PRINT RLOCK
sLOAD SITE NUMBER FROM SWITCHED ROM OINTC ACC,
fRIGHT JUSTIFY

s RLANE OUT RTC FLAG SWITCH

$CONVERT SITE NUMBER TO0 ASCIT FORMAT

sLOAD PRINT BLOCK ADDRESS FOR SITE NUMEER
PUT THE 2ITE NUMRER INFORMATION IN THE F/R
SNEXT PRINT RLOCK LOCATION — TENS OF YEARTS
sPOINT TO TENS OF YEART IN RTC

s READ TENS OF YEARS FROM RTC

fCONVERT TO ASCIT FORMAT

FLOAD TENS OF YEARS INTO FRINT BLGCK

FPOINT TO ADDRESE OF YEARS UNITS IN PRINT BLOCH
TNOW FOINT TO O YEARS LINITS IN RTC



MTH:

calL
AL
LI
Lo
LEC
OEC
DEC
LEC
LEC
DEC
LD
CALL
RIT
P
LD
LEC
cALL
ARD
Lo
AL
ADO
Lo
LD
AL
Lo
LI
INC
INC
LD
Lo
INC
INC
Lo
Lo
LEC
DEC
OEC
LEC
LEC
DEC
CALL
AN
ALD
LD
INC
DEC
CALL
ALD
Lo
Lo
LEC
DEC
DEC
LEC
DEC
CALL
AL
Lo
Lo
ADD
Lo
LD
INC
INC
LIs
Lo

REDCLE
Ay 20H
(HL) - A
IX, MONTH
E

E, O
REDCLK
oA
Z,MTH
E, OAH
E
REDCLE
A E
E.A

E
REDCLK
3

A 20H
(HL): A
HL

B
REDCLK
A, 20H
(HL)» A
IX; WKDAY

E
REDCLK
A A

I, O
E,A
I1X, DE
A (IX)
(HL)- A
HL

IX

A, (IX)
(HLY. A

72

fREAD FROM RTC

$ATC1I-TIE

PLOAD YEARS UNITS INTO PRINT EBLOCK
tTARLE POINTER FOR MONTHS

{NEXT RTC ADDRESS — MONTH TEND
sNEXT PRINT BLOCK ADDRESE

s ZERO E - IF NG DATE TENS THEN UNCHANGELD

s READ THE RTC INFORMATION FOR MONTH

$ IS THE MONTH QCTORER, NOVEMEER COR DECEMEER
$IF IT ISN®T THEN JiMP

+ IF DATE TENS THEN CHANGE E TO 10 DECIMAL
FNEXT RTC ADDRESS — MONTH LNITS

FLOOK AT MONTH UNITS IN RTC

FADD 10 ON TO UNITS IF BIT © SET FROM TENS
$HAVE NUMBRER COF MONTH - 1=JAN ETC —-LOAD IN E
sDOURLE A

sTRIPLE A

$ZERCO It REGISTER

;PUT TRIFPLED' MONTH NUMBRER ERACK IN E

sADD TRIPLED NUMBER TO MONTH TARLE POINTER
:IX CONTAINS OFFSET - LOAD FIRST LETTER INTCQ A
sLOAD FIRST LETTER INTCQ PRINT EBLOCK

SNEXT PRINT BLOCK ADDRESS

SNEXT MONTH TABLE POINTER ADDRESE

;LOAD ACC, WITH NEXT LETTER

sLOAD SECOND LETTER INTO PRINT BLOCK
$SIMILARLY FOR THIRD LETTER

;LOADTY ACC. WITH THIRD LETTER
sLOAD THIRD LETTER INTCQ PRINT BLOCK
sMOVE TO NEXT PRINT RLOCK ADDRESS - DATE

POINT TC IN PRINT BLQCK

LOOK AT TENS OF DATE IN RTC
REALD TENS OF DATE

MASK FOR 2z LOW SIGNIFICANT RITS
A
L

OAD TENS OF DATE INTO PRINT BLOCK
NEXT PRINT RLOCK ADORESES

PLOCK AT DATE UNITS IN RTC
s READl THE RTC FOR DATE UNITES
FASCII-IZE
sLOAD DATE LINITS IN PRINT BLOCK
fPOINT TC WEEKDAY TARLE START
sPOINT TC WEEKDAY IN PRINT RLOCK

sPOINT TO WEERDIAY LOCATION IN RTC

tREAD THE WEEKDAY INFORMATION FROM RTC

sDOURLE A

$ZERD OUT I REGISTER

P TRANSFER DOUBLED WEEKDAY INFORMATION INTO E
PIX NOW CONTAINS OFFSET FOR WEEKDAY LETTERS
sLOAD ASCIT VALLE OF FIRST WEEKDAY LETTER TO A
PRUT THAT FIRST LETTER INTO THE PRINT ELOCK
$POINT TG SECOND LETTER LOCATION IN PRINT RLOCKE
fRPOINT TO NEXT LETTER OF WEEKDAY TAELE

LOAD SECOND LETTER INTO RRINT BLOCK

DAL INTO PRINT BLOCK



NEXT:

PRINT:
PRMORE:

Lo
Lo
CALL
caLL
CALL
LIt
LIt
Lo
ALD
Lo
INCG
LEC
JP
LD
LI
LI
LOT
INC
LI
LI
LI
LD
LI
INC
LD
Lo
LIt
LDOI
LIl
LD
LD
LIt
LDI
INC
LI
LI
LD
Lo
LD
Lo
auT
CALL
(W]
SET
auT
CALL
INC
LEC
JP
LIt
auT
CALL
Lo
ouT
CALL
LDEC

Lo
auT
CALL
Lo
coiT
CALL
RET

HL - FAMELE+1FH
E, O

HK

HF

HRMOL

IX, RAMPT

C, OCH

Ay (IX)

Ay Z20H

(IX):A

IX

C
NZ, NEXT

HL, RAMFT

DE, RAMELE+Z4H

nE

HL, RAMPT+3
DE, RAMELK+47H

DE

HL, RAMPT+4
DE, RAMBLEK+SYH

HL:, RAMPT+9%
[E: RAMELK+4EH

LDE

HL., RAMELK
R, LINCNT
€, RAMNUM
A0
(10H), A
COUNT

A (KHL)
7:A
(10H), A
COUNT

HL
C
NZ, PRMCRE
A Q
{(10H), A
COUNT

A, 30H
(10H), A
BIGCNT

R

NZ, PRINT
A O
C1O0H) - A
COINT

A, 20H
(1OH), A
BIGCNT
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LI HROTNT B3 FOR SECOMDE LINLTS

I e RTC ARDRES: POINTER FUOR CSECONOE
sLOAD SECONDES UNITS AND ZECONDES TENZ
sLIDAD MINUTES LINITZ AND MINUTEZ TEND
sLOAL HOURS UNITES AND HOURT TENZ

sPOINT TO START OF BCD0 CONVERTED VARIARLES
$SET COUNTER TO 1z DECIMAL - 1.E. WE ARE GOING
;T READN IN EFF, POWERIN, LIFT. FLOW. (IX) Tt ACC.
FASCII-IZE

$RPUT ASCIT CONVERTED
SNEXT LOCATICON

s DECREMENT COUNTER
sLOOP UNTIL ALL VARIARLES ASCII-IZED

FSTART OF VARIABLE LOCATION IN RAM

sPRINT BLOCK LOCATION FOR MSDIGIT - EFFICIENCY
sLOAD MEZOIGIT - EFFICIENCY

PLOAD MIDDLE DIGIT - EFFICIENCY

tBUMP POINTER IN PRINT BRLOCK

sLOAD LEDIGIT - EFFICIENCY

sPOWER IN RAM LOCATION

fFPRINT BLOCK LOCATION FOR MEDIGIT - POWER IN
sLoal IN POWER IN AS DONE FOR EFFICIENCY

LINL e

DATA BACK INTO LOCAT IOM

$SAME FOR LIFT

$AND ALS0 FOR FLOW

$POINT TO START OF PRINT RBLOCK

sNUMBER OF LINES TO PRINT

$NUMBER OF BRYTES PER LINE TO PRINT

s ZERD THE ACCLUMULATOR

s PULSE THE DATA STRORE LOW

FETROEBE LOW FOR A TIME

fGET THE CHARACTER FRCOM THE PRINT ELOCK
$SET THE DATA STROEE HIGH ON EACH CHARACTER
$EEND TQ PRINTER FOR PRINTING

sWAIT A SHORT TIME

$NEXT PRINT RBLOCK LOCATICON

sFINISHEDN ALL BYTEZ?

3 GO RBACK FOR MORE PRINTING

s ZERO THE ACCUMULATOR

sFULZE THE DATA STRORE LOW

SWAIT

s CARRIAGE RETURN

sWAIT A RIT LONGER

FINISHED ALL LINESY
s GO RBACK IF NOT

;00 A CARRIAGE RETURN



v ew 4w am

e ew e

o en

REDICLK :

MN:

I g R L R LR R A T )

RTINS R

HRMOT

B S TRy X R R g R e L R L T X
#+THE REDCLE ROUTINE READS THE REAL TIME CLOCK, #*
T T TRy L Iy R T Y )

Lo Ay 10H FSTRORBE HOLD LINE

auT (9): A

Lo A, 20H sWAIT A SHORT TIME

DEC A

P NZ, MN

LD AR sGET ADDRESZE FROM B REGISTER
QuT (11H) - A s SEND ADDRESZS TO RTC

LD A: 40H s STRORE READ LINE ON RTC
QuT {(7),A

NCtF sWAIT A REAL SHORT TIME
NCP

NCIP

NCIF

NOP

IN A (11H) sGET THE DATA FROM THE RTC
AND OFOH fMASK FOR THE MSNIBELE

SRL A SRIGHT JUSTIFY

SR A

SRL A

SRL A

LO A $STORE RESULT TEMPORARILY
Lo A, Q $ ZERC ACCUMULATOR

ouT (79):A sPUT ALL RTC CONTROL LINES LOW
Lo A C sGET RESIULT BACK

RET

e L e e ey X T )
#THE HR AND! HRMCOD ROUTINES UTILIZE THE REDCLEK ROUTINE +
#T0 READ THE RTC BUT FURTHER MANIFULATE THE RTC DATA TOx
#THE CORRECT FORMAT. THE DATA IS ALS0 ASCII-IZED AND  #
#LOADED INTO THE PRINT BLOCK. *
B 2030 40 3 3 3 30 0 S0 4 36 8 36 36 3096 BI040 0 3 30 3 B 3 3 3 B 30 3 B A B AR IR R S

CALL REDCLE sREAD THE REAL TIME CLOCK UNITS

AL A, 20H FATCII-IZE

Lo (HL), A SLOAD INTO THE PRINT RLOCEK

DEZ HL SNEXT FRINT ELOCK ADDRESS

INC E sNEXT RTC ADDRESES

cAaLL REDCLE sREADN THE TENS FROM THE RTC

ADD A, 20H SASCII-IZE

Lo (HL)Y» A sLOAD INTO THE PRINT RLOCK

DEC HL $EET UP P/ ADDRESS FOR START OF NEXT CALL
hE HL

INC E $SET UP RTC ADDRESES FOR ZTART OF NEXT CALL
RET

cALL REDCLE fREAD RTC UNITS OF HOUR

AON As Z0H FATCIT-IZE

T4



e T wa R er W N R e e Ne ur e e

IMER:

Pas1:

FIN:

R T R e R

ew 4w en ww wa

L (HL.) s A Pl BAR

DEC HL FNEXT PR AGORS

INC & SNEXT RTC AL

CALL RE Tk fREAD RTC TENS OF HOLIRS
ANT ZH FMASE FOR THE LOWER 2 RITS
ADD A: Z0H FASCII-IZE

Lo (HL), A sLOoAD F/R

RET

L R L Y S T e 2 Ry
#*THE FOLLOWING TIMER ROUTINE ALLOWS READING OF THE CTOC #
#TIMING CIRCUIT &0 THAT THE ELAFPSED TIME RETWEEN A *
#START AND STOP PULSE CAN BE MEASURED. THE TIME IN #*
#*HUNDEREDTHS OQF A SECOND IS RETURNED IN THE DE REG PAIR#
E L gy R Yy ]

LD A, D s TRANSFER MEZRYTE OF ZTART TIME TO ACCUMULATOR
SUR E $SUBRTRACT MSBYTE OF STOP TIME

P P, POS s IF SIGN POSITIVE THEN JUMP

LI HL, 6344H sLOAD HL WITH 97,100, 1.E. H=9% AND

oR A $REFORMAT TO FIND DIFFERENCE. RESET CARRY

SRC HL, BC PSURTRACT BC FROM HL

ADD HL. LE SADD RESULT TO START TIME TO GET DIFFERENCE
JP FIN sDONE FOR NCOW

LI A E $GET LSRBYTE OF START TIME

SUR C FEUBTRACT LSEYTE OF STOF TIME FROM START LSRYTE
JP P: POSL $IF POSITIVE SIGN THEN JUMF .

LI AE sOTHERWISE GET LSRYTE OF START TIME BACK

ADD A> 64H FAOD 100 DECIMAL TQ ACCUMULATOR

LD E,A FPUT BACK IN E REGISTER

INC B s COMPENSATE FOR 100 ADD RY ADD0 TO MERYTE STOR T
P TIMER fRECYCLE

EX DE, HL FSWITCH START ANLO STOP TIMES

R A fRESET CARRY RIT

SEC HL, RC ; SUBRTRACT REFORMATTELD TIMES

Lo AL SGET LSBYTE OF RESULT

SUR A4H  SURTRACT 100 DECIMAL

P M: FIN s IF NEGATIVE SIGN THEN BRANCH

Lo L:A ;s OTHERWISE LOAD! BRACK IN L

INC H f INCREMENT M3BYTE OF RESULT

EX DE, HL sPUT RESULT OF X.YZ FORMAT SECS

Lo A D sGET MULTIPLIER TO ACC (I, E. NUMRER OF

Lo R, 64H sLOAD MULTILPLICAND OF 100 DECIMAL INTO E REG
CALL MU= FMULTIPLY

Lo o sZERCO [' REGISTER IN PREFARATICGN FOR ADD

ALT HL, DE PHL CONTAINS HUNDREDTHZ OF SECONDE

EX DE, HL sPUT RESULT INTO DE REGISTER FOR RETURN

RET

L L Yy I Y I s
#THE FOLLOWING MULTIPLY ROUTINE HAS THE MULTIPLIER IN *
#THE ACCUMULATOR AND MULTIPLICAND IN THE R REGISTER. IT#
#]3 AN LINSIGNED SRIT X SEIT ROUTINE WITH THE 14ARIT RES-#
#ULT ENDING P IN THE HLL REGIZTER. *
R s e L e 2 R s
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MUL &

LCWIF4:

JUMPL

B T S TR R R I L]

MUL1&:

CYCL:

JUMPE

o
=
X
Q2
[

1 NE NP we NS N MBS NE WE e e s

STROBE:

LOOPWZ:

CIRCZ:

s

Lo Lr O TLLEAR L

Lo H: A FMULTIFLIER T H

LI R FMULTIFLICAND TG C

LI B, 0 FCLEAR B

Lo A8 FPITERATION COUNT

AL HL, HL FSHIFT LEFT ONE BIT

JFP NC, JUMP1 ;GO IF NO CARRY

ADD HL, &C FADD MULTIPLICAND TQ PARTIAL PRODLCT
DEC A s DECREMENT COUNT

P NZ,LOCF4 GO IF NOT 2 ITERATIONG

RET

3 T e et
#THIS 16BIT X 16BIT UNSIGNED MULTIPLY MULTIFLIES THE #
#CONTENTS OF THE DE AND' EC REGISTERS AND RETURNS THE *
*RESULY IN THE DEHL PAIRS #
A e A i

LI A 1OH s ITERATION COUNTER

Lo HL: O § ZERC PROOLICT

EX DE, HL s EXCHANGE )

AL HL, HL : FSHIFT LEFT ONE EIT

PUSH AF ;s SAVE CARRY

EX DE, HL F EXCHANGE

ADD HL» HL sEHIFT LEFT ONE RIT

JP NC, JLMPZ G0 IF NC CARRY

INC LE s CARRY TG MSBYTES

POP AF i GET CARRY

JP NC, JUMPZ ;GO IF NO CARRY

ADD HL, BC FADD MULTIPLICAND

P NC, JLIMPZ GO IF NO CARRY

INC DE sCARRY TO MSRYTES

LEC A s DECREMENT ITERATION COUNT
RET Z FRETURN IF DONE - RESULT IN DEHL
JP cycL $ CONTINUE

22 S R 2 e R I E A L X s
#*THE FOLLOWING ROUTINE STRORES THE ANALOG TO DIGITAL #
*CONVERTERES —- MEMORY MAPPED ADDRESS IS Z400H. *
B4 344 B4R 36 3 B4 B33 3R 3B 36 3 S I B3 36 366 9 3 3 R S R S A S 38

LD A, (Z400H) sETORE A/D S

Lo DE, ZOH fLISE DELAY TIMER TC MEET CONVERTER SET
DEC LE fAND CONVERZION TIMES

LD A, OFFH

DEC A

JP NZ, CIRCZ

XOR A

Ccp I

IF NZ, LOOPWZ

RET

76
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DTSR TR

R Ry R R RS A R A R Y 2
#THE WRICLKE ROUTINE [ LSED 1O INITIALIZE THE REAL TIME#
#CLOCK UFON FIRST POWER ON OR WHEN NECEZZARY. THE RTC #
#REGISTERS ARE LOADED WITH THE ACTUAL TIME OF INITIAL- #
#ISATION: THIS INFORMATION IS SET ON THE SWITCHED ROMZ S
#ON POWER P WITH THE RTC FLAG SET, #
LT 2y 2 2 I I T RN L R e R e R 22 1Y 2

aw

o0

fam wE e wm wE s ww

WRICLED LD Ay 10H THOLDY FLULSE
auT (7)5 A
LI A, Z0H 7 TIMER
MIN: LEC A
JP NZ, MIN
Lo AR FADLNRESS
auT (1i1H)» A
LIt A, Z0H FWRITE TO RTC
auT (9): A
LD A, O
auT (), A sALL -CONTROL SIGNALE LOW AGAIN
RET
H 4646 835 30 4 B 0 04046 36 36 36 3 36 30 36 36 30 30 3 30 3 3 35 B IS0 I I B BB B B R R R AR R R RN

#THE ZIRIT RY 1SRIT DIVIDE ROUTINE I3 UNSIGNED AND #
#*DIVIDES THE DATA IN THE HLER/C’ REGISTERS RBY DATA IN #
#THE DE PAIR. TEMPORARY OUTPUT I3 IN H/L'D'.E’ AND E’ *
#IS TESTED TG SEE IF THERE SHOULD RE ROUNDING UP. FINAL#
#COUTFUT IS IN THE HL REGISTER PAIR. %*
PRI R R I IR I R R R R R R B

e

“E en cen cen Nm

b4

H

nivie:  EXX s EXCHANGE REGISTER RANKSES
LD HL, O 5 ZERO RESULT REGISTERS
LD LE, O
EXX
Lo Es, 19H sCYCLE 25 TIMES
LD (DEN), DE FSTORE DENCMINATOR

DIv: LI 0E, (DEN) s LOAD DENCOMINATOR INTO DE
XOR A s CLEAR CARRY
Lo {NUM), HL $ SAVE MSWORD OF NUMERATOR
SRC HL, DE §SUBRTRACT
P G, voIn ;IF DENXNUM THEN SHIFT ZERO INTO RESULT
SCF FELZE SHIFT ONE IN

WLINT XX
RL E FEHIFT SHIFTED RIT AROVE THROUGH ALL REGISTERS
RL o
RL L
RL H
SLA C sEHIFT ZERO INTO NUMERATOR
RL E
EXX
RL L
KL H
OLINZ oIy
P RCIINTY

VOIT XOR A i CLEAR CARRY
Lo HI_» ¢NLIM) FGET NUMERATOR BACK
R WLIN

17



RN

LEAVE:

RUBETRE TR T

I R T R LI

EFCORM:

MR ONE 4B W R wa ee u

TR CRETT TS

ELOCK:

T N )

I R I L B L L)

.
k4

LORTC:

EXX

LI 4. E POET REMATNLER FROM R’

CP 2OH FCOMPARE

P M, LEAVE FIF MINUE THEN LEAVE A% IS
INC o $IF >= O.% THEN INCREMENT [0
Lo AL FPUT LY IN ACCUMLLATOR

EXX FGET MAIN RANEK

(Y H, A ;LOAD H WITH L7

EXX FGET ALTERNATE EANE

Lo A D sPUT O IN ACCUMULATOR

EXX FGET MAIN RANEK

LD L, A FLOAD L WITH v

RET

e L X At L 2 2 2 a2 L Ty 2
¥THE REFORM ROUTINE SWITCHES THE DE AND HL REGISTERS #*
#ANDI TAKES THE NEW LSWORD IN IE AND PUTE IT IN R‘C’ *
L Y S Ry R e Ly

EX E, HL sFUT DE IN HL PAIR

Lo (TEMF1).DE FSTORE LSWORD TEMPORARILY
EXX

Lo BC, (TEMPL) ;LOADD DE INTO R/CY

EXX

RET

o446 40 46 36 46 36 36 46 30 16 36 35 246 33046 36 36 6 36 S AR B M HE BB R BB R R R R R
*THE EBLOCK ROUTINE TRANSFERS THE PRINT RLOCK FROM ROM  #=
#TC RAM REALY FOR THE NUMERICS TO RE LOARED INTCO THE #®
*AFPROPRIATE AREASZ. #
B4 360 A3 H 46 00 36 B 0 B A0 S A 3 S B AR S I S B R R BB S R R R RS R B

LI DE, RAMELE sLOAD DE WITH DESTINATION RAM POINTER

LD HL, PRELE fLOAD HL WITH ORIGIN ROM POINTER

Lo RC, RAMCNT sLOAD RC WITH NUMBER OF RYTES TO TRANSFER
LOIR F BLOCK. TRANSFER

RET

L I T R R 2 L 2 s ey
*THE LORTC ROUTINE TAKEZ THE DATA ON THE SWITCHED ROM‘ S
#AND WRITES THIS INFORMATION TO THE RTC WHEN THE RTC *
*FLAG 1'% HIGH., THE SWITCH DATA SHOLWD BE SET UP TO *
#CONTAIN THE ACTUAL TIME COF INITIALIZSATION, *
O s R s X L ety i)

Lo A, (RTCFLG) TSEE IF RTC FLAG IS SET
EIY 7:A
RET 2 cIFONOT SET THEN NOONEETE 7o INITIALISE RTC

18



T™:

TIM:

ME ME NE NE g R e

L TR LT

.

BCLCONS

[N
cr
LI
(nliNE
LI
AL
Lo
CALL
LI
Lo
[
AN
R
(I
CALL
INC
INC
LI
CP
WP
Lo
Lo
ANLs

SLA
SLA
OR
LD
CALL
INC
INC
LD
CP

Lo
auT
Lo
auT
RET

e DITEH
C1AH) - A
(AN
(12H) - A
2,0
WRICLK

B, 1
WRICLK
.2

HL MONMIN
s (HLD)

QF OH

C
E: A
WRICLK
H

[

A9

C
NZ,THM

Hi., RTCFLG
As (HL)
OFH

RODPTPTD

s A
WRICLE
H

[
A, OIH
[
NZ, TIM
A, OCFH
{12H), A
A, OFOH
(1ZH)> A

Pk Ul AND PICGeR, P LOEE CHANNEL B OTO
THAVE ALL 1TE PINDG DESIGNATELD A QUTPLTS

sGET RTC ADDRESS

: SECONDE UNITS

s TENS OF SECONDS ADDRESS

FCLEAR TENS OF SECONDS

sNEXT RTC ADDRESE

FGET SWITCHED ROM ADDRESS

sGET DATA FROM SWITCHEDY ROM - PUT IN ACC
sGET MSNIEELE

sAND TO ADDRESS NIEELE

sTRANSFER TO B TO PASS TO WRICLK ROUTINE
;L.0AD INTO RTC

FNEXT SWITCH ADDRESS

sNEXT RTC ADDIRESS

FALNDRESE COUNTER

sFINISHED YET?

NO. S0 GO BACK

sYES, =0 LET’S START ON LESNIERLE

fREPEAT AROVE PROCEDURE FOR LSNIBRLES
iMASK FOR LOWER 4 EITS

sLEFT JUSTIFY

FU0IN TO ADDRESS NIBELE
s TRANSFER TO B TO PASS TO WRICLK

sNEXT SWITCH ADDRESS
tNEXT RTC ADDRESS
s ADDRESS COUNTER

$NOT FINISHED S0 GO BACK

e Y RS2 e e S 2 A 2 I 2 R S
#THE BCOCON ROUTINE USES THE RCD ROUTINE TO CONVERT THE#®
#BINARY NUMEER IN THE HL PAIR TG A BECDO NUMRER. THIS DATA*

#I% THEM LCADED
*#LED’ %,

INTO RAM A% WELL AT REING DISFLAYED ON

¥#*

F 36 36 36 36 36 45 35 35 36 35 30 36 36 3 46 35 38 96 4 36 35 36 30 4040 35 36 36 36 36 30 30 36 3 3040 3030 o H BB I F RIS

CALL
FL=H
POP
ExX
LI
EXX
AND
L
LI
EXX
Li
EXX

OFH
(HL)Y - A
(IX): A

A.‘ ['

CONVERT THE RINARY NUMBER TO RCD
TRANSFER 1Y CONTENTS TO HL

-
k4
.
s

sGET DIGIT THREE FROM €
sMASK FOR LOWER 4 RITE
sMIDTGIT O INTO LED

sLOAD RAMELOCE WITH MIDIGIT

PGET NEXT SIGNIFICANT DIGIT FROM DIV



B FRIGHT JUSTIFY
A

A
= 2]
DEC H iNEXT LEDY ADDRESS
Lo (HL)Y. A sLOAD LED
Lo (IX+1):A $LOAD RAMBLOCK
EXX%
Lo A D sGET LSNIBRLE FROM O
EXX
AN OFH sMASK FOR LOWER 4 RITE
DEC H FNEXT LED ALDDRESS
Lo (HL) - A sLOADY LED WITH LSDIGIT
LI (IX+2),A LOAD RAMELOCK
RET

ey L L R
#THE BCO ROUTINE CONVERTS A BINARY NUMBER TO BCLr FORMATH*
# = NUMBER IS PASSED IN HL REGISTER FAIR. RESULT A% *

R N I L B L L]

*FOLLOWS: DIGIT S - LOWER 4 BITS OF REG R’ #
* 4 - HIGH 4 RITS OF REG C’ *
#* 2 - LOWER 4 BRITS OF REG C” #
* Z - HIGH 4 RIT% OF REG D #*
* 1 - LOWER 4 RITS OF REG v/ *
#ONLY THE DIGITS =, 2, 1 ARE USEI. #*

36 3636 36 3¢ 35 3F 36 3 35 36 30 36 3 3636 30 36 38 36 36 35 35 36 36 35 38 30 46 36 46 36 36 3 36 36 36 36 3036 3530 36 36 40 38 3 0 I 3636 I 4E

L T R R R T 1Y

BCo: Lo IE, 27104 sLOAD DE WITH 10, 000 DECIMAL
TENS: CALL LINIT FSURTRACT POWERS OF 10 FROM NUMEER
EXX
L B A SRESULT IN ALTERNATE R’
EXX
Lo [E, JIESH 51000 DECIMAL
THOWLS: CALL LINIT
CALL MCGDIFY s ROTATE LOWER BYTE TO UPPER PQSITION
EXX FSAVE IN OTHER ERANK
LI G, A sDIGIT 4 IN UFPPER NIBELE COF C/
EXX
LI DE, #4H 5100 DECIMAL
HUNL: CALL UNIT
EXX
OR [ 3 ANDY 4 DIGITS COMEBINED
LIt G A
EXX
Lo DE, OAH 710 DECIMAL
TEN1: CALL LUNIT
CALL MODIFY
R i 71 AND Z DIGITS COMRINELD
EXX
Lo I A FRESULT IN D
EXX
RET
H FRBEEERELERREL LR BER R LR B RS E SR E IR E R R EEHEE L R E®
H ®¥THE UNIT ROUTINE SURTRACTES FOWERT OF 10 FROM THE NLUM-— 3#
7 #HER IN THE HiL. PAIR. *

B FEEEEE IR FERE L L LR SRR F RS R L EH R R R0 0 3
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LINTT:
BECVE :

R MR 4R 4m ew cap e ew

4 e w

MODIFY:

AR B NE AR R MR NE NE MR NE VB E ar e wr 4 4w

MULSUE:

LI A, OFFH FCOUNTER = -1

INC A f INCREMENT COUNTER

OR A t CARRY CLEARED

SR HL, DE TSURTRACT POWERS OF 10

JR N ARCVE sCONTINUE SUBTRACTING UNTIL RESULT

AL HL, DE fRESTORE NUMEBER IF OPERATION WAS NEGATIVE
RET

P Y Y R A e R e a2 eIy Y T 2 g2
#THE MOD ROUTINE ROTATES THE NUMBER IN THE ACCUMULATOR #
#FOUR FLACES TO THE LEFT. *
E ST X 2 R I ey 2y ey R L L 2 I 2 )

AN OFH sCLEAR UPFER BITS
RLCA
RLCA
RLCA
RLCA
RET

R R I eI e e R R B H PN R R R R LRI RE R E L RE SRR RS ER
#THE MULSUE ROUTINE ACCOMPLISHES A MULTIPLE SURTRACT.  #
*THE HL REGISTER POINTE TQ THE DESTINATION MSRYTE ANDN
*THE DE TO THE SOURCE MSRYTE.  THE DESTINATION QOPERAND #
#1% SURTRACTED FROM THE ZOURCE AND THE RESULT PLACED #*
#BACK IN THE DESTINATION LOCATION. THE C REGISTER HAS #
#THE WIDTH IN BRYTES OF THE SOURCE AND DESTINATION OPER-#
#ANDS.,  THE CARRY IS SET TO REFLECT THE LAST (M3) CARRY#
R SRS B R R R A S B A S B B R R R SRR R RS

LD B, 0O sCLEAR B - ¢ CONTAINS NUMEER OF BYTES
AOD HL, BC sPOINT TO DESTINATION LSREYTE+1

LEC HL s POINT TO LSBYTE

EX LE, HL

AL HL, BC sPOINT TG SCOURCE LSEYTE+Q

DEC HL sLSRYTE

EX [E, HL

OR A s CLEAR EORROW

Lo A: (DE) sGET SOURCE RYTE

SRC As (HL) s SOURCE MINUS DEZTINATION MINUES CARRY
Lo (HL): A PRTORE RESULT

LEC HL PDESTINATION FPOINTER DECREMENTED

DE LE FSOURCE POINTER DECREMENTED

DEC C sRYTE COUNT DECREMENTEDR

JR NZ, GOMORE G0 IF NOT ALL SUBRTRACTS [NINE

RET
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COUNT
LOCPW:

CIRC:

~e Np ue

BIGCNT:
LOCPWL 2

CIRCL:

LTI T Y

CNT17:
LOdPW3:

CIRCZ:

P T LT

FIVMIN:
LFX4:

LPXS:

LPX#:

HEH R R R E R RS
®#[ELAY ROUTINES#®
BRI

LI
DEC
LI

RET

Lo
nec
Lo
DEC
P
XOR
P
P
CF
JF
RET

Lo
DEC
LI
DEC

XOR
Ccp

CP
JF
RET

Lo
DEC
LIt
DEC
Lo
DEC
A
X
Cr
JP
F
R

LE, ZGH
DE

A, OFFH

a

NZ, CIRC
A

I

NZ, LOCOEW
E

NZ, LODPW

OE, SO0H
nE

A, OFFH

A

NZ, CIRC1
A

I

NZ, LOOPWL
E

NZ, LOCOFW1

LE, ZCOOH
oE

A» OFFH

A

NZ, CIRCZ
A

I

NZ, LOOPW3
E

NZ, LOOPWR

E,&

=

HL, OFFFFH
HL

E, OFFH
B

NZ, LPX&
A

H
NZ.LFX5
L
NZ, LI X5
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o 48 NE cex cen

4w cen an cea

ZERFRI:

PRINTL:

LAZTL:

SURERFRCE

L E
is NZs LF X4
RET

E R e e e s a2 e
#THE ZERFRI ROUTINE MAKES THE DECISION To DD A
#HLEED/ZERC  AND  PRINT QUT  THE PRINT BLOCK BASED ON #
#*PRIFLG BEING SET. THE OFERATION WILL OCCUR RY EXTERNAL®
#MANUAL. GFERATION AS INITIATED BY THE 1/DAY-CONTINUCUS *
*SWITCH OR ONCE EVERY DAY AS SET ON THE TIME SWITCH =
#FOUND IN THE SWITCHED ROM AREA. ' *
o I T Ry Y L e Y Ty 2y

IN A, (7) sGET PRINT FLAG INFORMATION FROM PIQ
EIT 1:A sLOOK AT APPROPRIATE EIT

P NZ, PRINT1 $IF IT’S SET THEN ZEROQ/PRINT THREE TIMES
LI E. 4 $GET HOURS — UNITS OFF RTC

CALL REDCLEK s READY THE RTC

Lo 0 A FSAVE HOURS - UNITS IN I+ REGISTER

Lo B, = $GET HOURE - TENS OFF RTC

CALL REDCLK s REAL! THE RTC

AN i $MASK FOR TWO LOWER BITS

Lo E. OAH FMULTIPLICAND IN B

CALL MLULE sHL CONTAINS TENS OF HOURZ TIMES 10 DECIMAL
Lo AL $STORE IN ACCUMULATOR

AR A I sADD UNITS TG TENS

Lo A $STORE IN C

LD A, (PRITIM) $GET PRINT TIME OFF SWITCHED ROMS

SRL A fRIGHT JUSTIFY

SRL A

SRL A

CP C sARE WE AT ZERO/PRINT HQUR?

JF NZ:LAST1 fIF NOT, THEN BRANCH

LO A, (PRIFLG) sLOOK AT ZERQ/PRINT FLAG TO SEE IF SET
OR A FSET/RESET ZERO IN ZERO/PRINT FLAG

RET NZ $IF SET THEN DON’T ZERCQ/PRINT AGAIN

Lo As OFFH FSET ACCUMULATOR TO ALL ONES

Lo (PRIFLG). A F ZERCQ/PRINT FLAG NOT SET PREVICQUELY, SO SET NOW
cALL SUEPRO $ ZERCT AND PRINT THREE TIMES

CALL SUERPRO

cAlLL SURPRO

RET sDIONE THREE TIMES, LET’/S LEAVE

Lo A0 FZERC ACCLIMULATOR

Lo (FRIFLG), A FRESET PRINT FLAG

RET

T T e R X2 e e I A T s A R Rt L
#THE ZUBPROG ROUTINE CALLE THE BULK OF THE MAIN PROGRAM:
#ANDN IS USED IN THE ZERCQ/PRINT ROUTINE ‘ZERPRI‘ TO RUN #
*THE SYSTEM THROUGH A BLEED. ZERD. AND DATA SEGUENCE #
#THREE TIMES, THE REZULTZ BEING PRINTED QLT EACH TIME. *
P R Y A R Y AR

CALL RETHN
TR TESTE
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Tl FRE =S
CALL VEL.CI
CALL LIFT
CAlLL FL.oW
CALL nIsF
CALL SITE
RET

.

P 2y I R Y et 2 e 2 T e 2]
#THE RETN ROUTINE SIMPLY DISCOVERS WHETHER A RETLIRN ToO =
#THE POWER IN TESTK ROUTINE WILL ENARELE THE TIMER TO EE#
#ZTARTED WITH THE RISING EDGE OF THE KWH INPUT SIGNAL  #
#AND THUS MEASURE THE FULL CORRECT TIME. *
R T Y R 2y 2 s R e 2 2 L ]

T3 en vu ar MR 4R wE MR NE M MR e MR wm ve

ETN: IN Ay () $LOCK AT THE KWH SWITCH
EIT QA f INFORMATION IN RIT ZERCG
JP NZ, RETN s IF STILL HIGH THEN WAIT UNTIL LOW
RET
H EEEEEENEE
H ®*TABLESH
: PR
WHEDAY: DR SUMOTUWETHFREA’
MONTH: DR ! JANFEEMARAPRMAY JLINJULALGSERFOCTNOVREC”
PRELK: DE ‘SITEH#X XX XX XXX XX’
DR ‘TIME XX:XX:XX ‘
DR ‘EFFICIENCY (%) XX. X °
OE ‘POWER IN (KW) XX. X ’
juic ‘LIFT (FEET) XXX !
O ‘FLOW (CFS) X. XX
- DEPHAZE
END
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